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O (54) Title: A METHOD FOR INCREASING SYNAPTIC GROWTH OR PLASTICITY 

O (57) Abstract: The present invention relates to a method of modulating synaptic growth or plasticity by increasing the expression of 
^ genes found to be induced by BNDF. Such genes include c-fos proto-oncogene, early growth response protein 1, activity -regulated 
cytoskeletal associated, fos-related antigen 2, Gl/S-specific cyclin Dl, voltagegated potassium channel protein, sodium channel 
Q beta 1 subunit, secretogranin II precursor, somatostatin receptor 4, transmembrane receptor UNC5 homology, neuropeptide Y, VGF 
^ protein precursor and protein-tyrosine phosphatase IB. Methods of identifying agents which modulate the expression of these genes 
^ and the use of such agents for treating a disease or condition associated with damaged or diseased synapses are also provided. 
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A METHOD FOR INCREASING SYNAPTIC GROWTH OR PLASTICITY 

Background of the Invention 

5 Neurotrophin- induced modifications of synaptic 

strength have been associated with mechanisms of learning 
and memory (Chao (2000) J*. Neurosci . Res. 59:353-355; Tyler 
et al . (2002) Learn. Mem. 9:224-237). However, the 
molecular genetics of BDNF-induced plasticity is limited. 

10 Several studies have drawn links between BDNF, learning, 
transcription and translation. For example, endogenous BDNF 
as well as transcriptional activation are necessary for the 
maintenance phase of long-term potentiation (L-LTP) (Korte 
et al . (1998) Neuropharmacology 37:553-559/ Chen et al . 

15 (1999) J. Neurosci. 19:7983-7990; Patterson et al . (2001) 
Neuron 32:123-140). In addition, BDNF and trkB may be 
required for the acquisition, consolidation and recall some 
types of information (Tyler et al . (2002) supra; Yamada et 
al. (2002) Life Sci . 70 : 735-744) . Further, BDNF alone is 

20 sufficient to trigger a form of long-term synaptic 
potentiation in vivo (BDNF-LTP) (Ying et al . (2002) J*. 
Neurosci. 22:1532-1540), the induction of which requires 
transcription (Messaoudi et al . , 2002). The regulation and 
function of specific candidate genes in BDNF-LTP, L-LTP and 

25 learning paradigms have been demonstrated (Hevroni et al . 
(1998) J. Mol. Neurosci. 10:75-98; Guzowski et al . (2001) 
J. Neurosci. 21:5089-5098; Ying et al . (2002) supra). 
Although studies have employed transcriptional profiling to 
define panels of genes associated with learning (Luo et al . 

30 (2001) Mol. Neurosci. 17:397-404; Cavallaro et al . 

(2002) JNTeurociiem. Res. 27:1201-1207; Donahue et al . (2002) 
Hippocampus 12:821-833), the identification of a catalog of 
genes associated with BDNF-induced plasticity in vitro, and 
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the correlation of expression of these genes with learning 
in vivo has not been studied. 

The regulated genes identified by transcriptional 
profiling serve as powerful tools to decipher mechanisms of 
5 both BDNF - induced transcription and plasticity. It has been 
shown that BDNF elicits differential electrophysiological 
responses in individual neurons (Levine et al . (1996) Brain 
Res. Mol. Brain Res . 38:300-303; Gottschalk et al . (1998) 
J*. Neurosci. 18:6830-6839; Lessmann and Heumann (1998) 
10 Neuroscience 86:399-413; Schinder et al . (2000) Neuron 
25:151-163; Thakker-Varia et al . (2001) J\ Neurosci . 
21:6782-6790). This phenomenon has been attributed to 
target specificity (Schinder et al . (2000) supra) and/or 
initial synaptic strength (Gottschalk et al . (1998) supra; 
15 Lessmann and Heumann (1998) supra; Berninger et al . (1999) 
Learn Mem. 6:232-242); however, these studies did not 
address the molecular mechanisms associated with 
distinctive single cell synaptic responses to BDNF. 
Moreover, while the signal transduction pathways required 
20 for BDNF -modulated synaptic plasticity have been examined 
(Gottschalk et al . (1999) Learn. Mem. 6:243-256; 
Minichiello et al . (2002) Neuron 36:121-137; Mizuno et al . 
(2003) Mol. Psychiatry 8:217-224), the requirement for 
various kinase pathways in BDNF- induced transcription 
25 remains to be determined. 

Increased transcription during the processes of 
learning in vivo suggests that gene products may be 
involved in the formation of new memories. Transcriptional 
analysis following different learning tasks has revealed 
30 regulation of genes previously implicated in synaptic 
function (Guzowski et al . (2001) supra; Luo et al . (2001) 
supra; Cavallaro et al . (2002) supra; Donahue et al . (2002) 
supra) . 
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There are only a few studies delineating functional 
roles for neuronal genes identified by transcriptional 
profiling (Huh et al . (2000) Science 290:2155-2159). 
Differential display has been used in conjunction with 
5 electrophysiological analysis and gene-targeted mice to 
identify a requirement for Rab3A, a synaptic vesicle 
trafficking protein, in BDNF- induced plasticity (Thakker- 
Varia et al . (2001) supra). 

10 Summary of the Invention 

One aspect of the present invention is a method for 
modulating synaptic growth or plasticity. The method 
encompasses increasing the expression of a BDNF -inducible 
nucleic acid sequence, or activity of a protein encoded 

15 thereby, so that synaptic growth or plasticity is 
stimulated. Preferably, the nucleic acid sequence which is 
inducible by BDNF is c-fos proto-oncogene (SEQ ID NO:l); 
early growth response protein 1 (SEQ ID NO: 2) ; activity- 
regulated cytoskeletal associated (SEQ ID NO:3); fos- 

20 related antigen 2 (SEQ ID NO:4) ; Gl/S-specif ic cyclin Dl 
(SEQ ID N0:5); voltage-gated potassium channel protein (SEQ 
ID N0:6); sodium channel, beta 1 subunit (SEQ ID NO:7); 
secretogranin II precursor (SEQ ID NO: 8); somatostatin 
receptor 4 (SEQ ID NO: 9); transmembrane receptor UNC5 

25 homology (SEQ ID NO: 10); neuropeptide Y (SEQ ID NO: 11); VGF 
protein precursor (SEQ ID NO: 12); or protein- tyrosine 
phosphatase IB (SEQ ID NO: 13) . 

A nucleic acid sequence or protein of the invention is 
intended to include those disclosed herein (i.e., SEQ ID 

3 0 NO: 1-13 and proteins encoded thereby) or any fragment, 
homolog, or ortholog which has the capacity to modulate 
synaptic growth or plasticity. 
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Another aspect of the present invention is a method 
for identifying an agent which increases synaptic growth or 
plasticity. The method involves contacting a test cell with 
an agent and detecting activation of c-fos proto- oncogene 
5 (SEQ ID NO:l); early growth response protein 1 (SEQ ID 
NO:2); activity-regulated cytoskeletal associated (SEQ ID 
NO:3); fos-related antigen 2 (SEQ ID NO:4); Gl/S-specif ic 
cyclin Dl (SEQ ID NO:5); voltage-gated potassium channel 
protein (SEQ ID NO: 6); sodium channel, beta 1 subunit (SEQ 

10 ID NO:7); secretogranin II precursor (SEQ ID NO:8); 
somatostatin receptor 4 (SEQ ID NO: 9); transmembrane 
receptor UNC5 homology (SEQ ID NO: 10); neuropeptide Y (SEQ 
ID NO:ll); VGF protein precursor (SEQ ID NO:12); or 
protein -tyrosine phosphatase IB (SEQ ID NO: 13) nucleic acid 

15 sequences in the test cell. An increase in the activation 
of said nucleic acid sequences in the test cell contacted 
with the agent relative to the activation of said nucleic 
acid sequences in a test cell not contacted with the agent 
is indicative that said agent increases synaptic growth or 

20 plasticity. 

A further aspect of the invention is a method for 
treating a disease or condition associated with damaged or 
diseased synapses . The method encompasses administering an 
effective amount of an agent which activates c-fos proto- 

25 oncogene (SEQ ID NO:l); early growth response protein 1 
(SEQ ID NO: 2) ; activity-regulated cytoskeletal associated 
(SEQ ID N0:3); fos-related antigen 2 (SEQ ID NO:4); Gl/S- 
specific cyclin Dl (SEQ ID NO:5); voltage-gated potassium 
channel protein (SEQ ID NO: 6); sodium channel, beta 1 

3 0 subunit (SEQ ID NO: 7); secretogranin II precursor (SEQ ID 
NO: 8); somatostatin receptor 4 (SEQ ID NO: 9); transmembrane 
receptor UNC5 homology (SEQ ID NO: 10); neuropeptide Y (SEQ 
ID NO:ll); VGF protein precursor (SEQ ID NO:12); or 
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protein- tyrosine phosphatase IB (SEQ ID NO: 13) nucleic acid 
sequences . 

Brief Description of the Drawings 

5 Figure 1 shows that Arc expression and synaptic 

response to BDNF correlate at the single-cell level. Figure 
1A presents Arc expression in individual BDNF- treated cells 
following electrophysiological recordings and aRNA 
amplification. Arc transcription was measured by real-time 

10 RT-PCR and then normalized to internal GAPDH levels. The 
data are then expressed as a ratio of the average Arc 
expression in the seven control cells (expression ratio) . 
Figure IB presents a correlation of Arc expression ratios 
to individual cell's synaptic BDNF responses. Average 

15 synaptic charge 3 to 5 minutes post -BDNF exposure expressed 
as a fold increase over baseline (-2 to 0 minute) was 
plotted against Arc expression ratios shown in Figure 1A. 
Each circle represents one BDNF-treated cell. The cell 
number next to the circle corresponds with the cell number 

20 in Figure 1A. Dashed line depicts a correlation coefficient 
indicating significance (r = 0.66, p < 0.005). The data are 
categorized into two groups of BDNF-treated cells: a 
cluster of non-responders (shaded) and a spread of 
responders (clear) . Figure 1C shows the average Arc 

25 expression ratios of the two populations of cells defined 
in Figure IB. Responders (white bar) show a significantly 
higher fold increase in Arc expression (average ± se, n=7) 
compared to non-responders (shaded bar) (average ± se, n=9) 
(* p<0 . 05 , t-test) . 

3 0 Figure 2 shows that VGF as well as immediate early 

genes are upregulated after training with trace eyeblink 
conditioning. RNA was obtained from the hippocampi of naive 
rats, unpaired controls and trace conditioned rats 
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following 800 trials (200 trials/day for 4 days) of paired 
stimuli and subjected to real-time RT-PCR for a number of 
genes identified by microarray. Bars represent average gene 
expression ± se for naive rats (n = 5, white bar) , unpaired 
5 controls (n=3, stippled bar) and trace conditioning (n=8, 
black bar) . All data is normalized to internal GAPDH levels 
and then expressed as a fold change over the amount of mRNA 
in naive (control) rats. A number of immediate early genes 
including c-fos, EGR1, and Arc were upregulated after trace 
10 conditioning. In addition, the secreted polypeptide VGF was 
increased following paired trace conditioning. *indicates 
paired samples are significantly different from unpaired 
and naive control samples (p < 0.05/ ANOVA) . 

15 Detailed Description of the Invention 

Whole-cell patch-clamp recordings in conjunction with 
differential display and single-cell transcriptional 
analysis were used to identify known and novel genes with 
altered expression in BDNF-induced plasticity. The 

2 0 functions of some of the identified genes have been defined 

using various methods. 

The molecular genetics underlying BDNF- evoked 
plasticity were examined by expression profiling using cDNA 
microarrays on a population of hippocampal cells in vitro. 
25 Synaptic effects of BDNF are observed within 20 minutes of 
exposure (Levine et al . (1996) supra; Lessmann and Heumann 
(1998) supra; Schinder et al . (2000) supra) . A 3-hour BDNF 
treatment has been used to identify several genes with 
roles in synaptic plasticity (Thakker-Varia et al. (2001) 

3 0 supra) . Consequently, to reveal immediate, as well as 

downstream transcriptional changes, both acute (20 minutes) 
and longer treatment (3 hours) with BDNF were used herein. 
Approximately 8% of the arrayed cDNAs exhibited 
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differential expression at 20 minutes and 3 hours. Genes 
involved in synaptic plasticity and exhibiting an increase 
of 1.7-fold over control were selected for confirmation by 
real-time reverse transcription PCR (RT-PCR) . Table 1 lists 
5 the genes induced by BDNF treatment. Two independent Atlas 
arrays were performed using RNA from hippocampal cells 
treated for either 20 minutes or 3 hours of BDNF (50 ng/mL) 
and control sister cultures. 



TABLE 1 





20 


Minute BDNF Treatment 






Clone 


Gene /Protein 


Accession 


Fold Change 


NGF 


SEQ ID 


ID 


Name 


Number 






NO: 


AlOg 


c-fos 


X06769 I 


2.2 ± 0.4 


UC 


1 


E06d 


EGR1 


M18416 


4.3 ± 0.8 


UC 


2 


F13I 


Arc 


U19866 


13 .7 ± 5.0 


UC 


3 




3 Hour BDNF 


Treatment 






Clone 


Gene/Protein 


Accession 


Fold Change 


NGF 


SEQ ID 


ID 


Name 


Number 






NO: 


A05d 


Fra2 


U18913 


2.3 + 0.4 


DOWN 


4 


A07a 


CyclinDl 


D14014 


3.3 ± 0.5 


UC 


5 


AlOg 


c-fos 


X06769 


2.3 ± 0.4 


UC 


1 


B05d 


Kv+1.1 


M26161 


1.4 ± 0.1 


UC 


6 


B06j 


Na+ch 


M91808 


1.8 ± 0.2 


UC 


7 


B13n 


Sgll 


M93669 


5.1 ± 1.2 


UC 


8 


D04i 


SSTR4 


U04738 


1.7 ± 0.1 


DOWN 


9 


Dllk 


UNC5H2 


U87306 


2.2 ± 0.6* 


UC 


10 


D131 


■NPY 


M20373 


1.9 ± 0 .3 f 


DOWN 


11 


D14f 


VGF 


M60525 


6.5 ± 1.5 


UC 


12 


E06d 


EGR1 


M18416 


6.6 ± 0.9 


UC 


2 


E12f 


PTP1B 


M33962 


1.4 ± 0.1 


UC 


13 


F131 


Arc 


U19866 


34.8 ± 4.3 


UC 


3 



10 The criteria for selection from the array was a >1. 7-fold 
change. RT-PCR validated the induction of 16 genes (average 
± standard error, n=6, + n=5, p<0.05 / t-test) . UC=unchanged, 
down=decr eased . 

15 Of those genes selected, the regulation of 7% at 20 

minutes and 40% at 3 hours were validated, although the 
magnitude of regulation was not always identical to that 
observed on the microarray. To focus on genes specifically 
involved in plasticity, a related neurotrophin, nerve 
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growth factor (NGF) , not inducing synaptic plasticity 
(Levine et al . (1996) supra), served as a control. NGF did 
not affect transcription of most genes, indicating the 
specificity of BDNF . 
5 Genes upregulated by BDNF were categorized into 

different functional classes. At 20 minutes, immediate 
early genes were upregulated, whereas at 3 hours, in 
addition to those same immediate early genes, channel 
proteins, receptors and neuropeptides exhibited increases. 

10 Two genes were of particular interest due to their 
association with synaptic plasticity: Arc/Arg 3.2, an 
effector of immediate early genes and VGF, a secreted 
polypeptide located in large dense core vesicles (Sal ton et 
al . (2000) Front. Neuroendocrinol . 2i:199-219). Arc, the 

15 most highly regulated gene at both 20 minutes and 3 hours, 
has been implicated in BDNF-induced plasticity and LTP 
(Guzowski et al . (2000) J". Neurosci. 20:3993-4001; 
Messaoudi et al . (2002) J. Neurosci. 22:7453-7461; Steward 
and Worley (2002) Neurobiol . Learn. Mem. 78:508-527; Ying 

20 et al . (2002) supra). VGF, previously cloned from plate V 
of a NGF-induced PC12 cDNA library (Salton et al . (2000) 
supra) , in contrast, was only increased at 3 hours and has 
not been associated with BDNF-induced synaptic efficacy. 
These two genes were used in subsequent experiments as 

25 indices of synaptic efficacy and prototypes for functional 
studies . 

To examine the relationship between synaptic response 
and gene expression, an individual cell's 

electrophysiological response to BDNF was examined in 
30 conjunction with single-cell RT-PCR for Arc. Previous 
studies revealed a range of synaptic activities- within a 
population of pyramidal -like hippocampal neurons following 
3 hours BDNF exposure (Thakker-Varia et al . (2001) supra). 
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Whole-cell patch-clamp recordings from 16 cells verified 
0.8- to 4.5-fold increase in synaptic charge following 20 
minutes BDNF exposure. Average synaptic charge for control 
cells not exposed to BDNF (n=7) exhibited no change in 
5 synaptic charge during the length of the recording. A group 
of BDNF-treated cells presenting a minimal synaptic 
response was apparent. This group was categorized as non- 
responders (Figure IB) and the other cells showing a 
greater response to BDNF were classified as responders. To 

10 determine whether cellular basal activity influences the 
response to BDNF, the average synaptic charge pre -BDNF of 
the responders (36.3 + 13.1 pC, n=7) versus the nbn- 
responders (23.2 ± 6.6 pC, n=9) was compared. There was no 
statistical difference in the populations (p>0.05, t-test) 

15 examined between initial synaptic strength and 
responsiveness to BDNF, indicating that this parameter is 
not responsible for the differential response. 

The molecular genetics of differential synaptic 
responses to BDNF was examined by performing single-cell 

20 transcriptional analysis after whole-cell patch-clamp. Arc 
was selected as a prototype due to its acute and robust 
induction by BDNF in a population of hippocampal neurons. 
To assess the relationship between differential 
electrophysiological responses to BDNF and Arc gene 

25 expression, individual cells were harvested following 
electrophysiological recordings. Figure 1A represents Arc 
expression in cells exposed to BDNF relative to the average 
Arc expression in cells not exposed to BDNF (control) as 
assessed by real-time RT-PCR (expression ratio) . A range of 

3 0 Arc expression levels was apparent within the group of 16 
BDNF-treated cells, indicating transcriptional differences 
among pyramidal -like hippocampal cells. 
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The relationship between the synaptic response to BDNF 
and transcriptional changes was examined. Synaptic charge 
was plotted against Arc expression ratios for individual 
cells (Figure IB). A linear correlation (r=0. 66, p<0.005) 
5 was evident as depicted by the dashed line, indicating a 
direct relationship between synaptic plasticity and gene 
expression. Alternatively, the data may be viewed as 
representing two sets of BDNF-treated cells: a cluster of 
non-responders (shaded area) and a spread of responders 
10 (clear area) . Classification of cells into 

electrophysiologic responders or non-responders, revealed a 
striking difference in Arc expression ratios (Figure 1C) . 
Responders exhibit a 17 -fold increase in Arc expression 
relative to the non-responders (p<0.05, t-test) . These 
15 results demonstrate that the magnitude of BDNF- induced 
synaptic plasticity is reflected in gene expression in 
individual hippocampal cells. Enhanced transcription 
following neurotrophin exposure, may represent a mechanism 
for long-term maintenance of increased synaptic activity as 
20 has been shown for L-LTP (Nguyen et al . (1994) Science 
265:1104-1107) . 

Signaling cascades involved in BDNF-mediated synaptic 
strengthening include mitogen-activated protein (MAP) 
kinase, phospholipase C-y (PLC-y) and phosphoinositide-3 
25 kinase (PI3K) (Gottschalk et al . (1999) supra; Minichiello 
et al. (2002) supra; Ying et al . (2002); Mizuno et al . 
(2003) supra) . To determine whether these transduction 
pathways are also required for BDNF transcriptional 
regulation of immediate early genes at 20 minutes and for 
30 VGF at 3 hours, pharmacological inhibitors were employed 
(Table 2) . 
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TABLE 2 



Inhibitor 
(Protein Inhibited) 


20 Minutes 


3 Hours 


c-fos 


EGR-1 


Arc 


VGF 


K252a (Tyr Kinase) 


Blocked 


Blocked 


Blocked 


Blocked 




Blocked 


Blocked 


Blocked 


Blocked 


PD98059 (MEK) 


Blocked 


Blocked 


Blocked 


Blocked 


U73122 (PLC-y) 


Blocked 


UC 


Blocked 


Blocked 


LY294002 (PI3 Kinase) 


UC 


UC 


UC 


UC 


KN93 (CaMKII) 


Blocked 


Blocked 


Blocked 


Blocked 


H-89 (PKA) 


UC 


UC 


UC 


UC 


CC (PKC) 


UC 


UC 


UC 


UC 



Effect of inhibitors on BDNF- induced gene transcription. 
The regulation of BDNF- induced genes in the presence of 



5 inhibitors was determined by real time RT-PCR. Neurons were 
pre-incubated with inhibitors for 30 minutes prior to BDNF 
treatment (20 minutes for immediate early genes and 3 hours 
for VGF) . One group of cells in each experiment was treated 
with inhibitor alone and showed no significant change in 
10 expression relative to vehicle control, "blocked" indicates 
significant reduction of transcription in the presence of 
inhibitor plus BDNF relative to BDNF alone (p<0.05, ANOVA, 
n=3) . UC (unchanged) indicates no significant effect of 
inhibitor on transcription. 

15 

Each experiment consisted of four groups: vehicle, 
inhibitor alone, BDNF, BDNF plus inhibitor. Data were 
normalized to GAPDH and expressed as a fold change of 
vehicle control. Inhibitor alone showed no significant 

20 effect on transcription. K252a, U0126, PD98059, U73122 and 
KN93 blocked BDNF- induced transcription of the immediate 
early genes and VGF whereas LY294002, H-89 and 
chelerythrine chloride (CC) did not affect gene expression. 
K252a blocked the BDNF effect, indicating that 

25 transcription results from trkB stimulation. Pretreatment 
with either MAP kinase inhibitor (U0126 or PD98059) blocked 
BDNF- induced transcription, indicating a requirement for 
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MEK-mediated phosphorylation of MAP kinase. The PLC-y 
inhibitor (U73122) and the Ca2+/calmodul in-dependent 
protein kinase (CaMK) inhibitor (KN93) blocked 
transcription of most immediate early genes and VGF (Table 
5 2) . In contrast, a number of signaling pathways were not 
involved in BDNF-induced transcription, shown by the lack 
of effect of inhibitors of PI3K (LY294002) , protein kinase 
A (PKA) (H-89) and protein kinase C (PKC) (chelerythrine 
chloride, CC) . These results indicate that BDNF-mediated 
10 transcription at both 2 0 minutes and 3 hours was dependent 
on the CaMK and PLC-y pathways in addition to trkB and MAP 
kinase . 

To determine whether VGF and other transcripts induced 
by BDNF in vitro predict alterations in mRNA in vivo, gene 

15 expression was examined following training on a 
hippocampal -dependent learning task. Rats were exposed to 
800 trials of either paired or unpaired trace eyeblink 
conditioning and sacrificed 24 hours later. Eyeblinks were 
assessed by eyelid electromyography and those occurring 

2 0 during the 500 ms trace interval were considered 
conditioned responses (CRs) . Rats exposed to paired stimuli 
exhibited 60% (±4) CRs, whereas those exposed to the same 
number of stimuli presented in an explicitly unpaired 
manner exhibited 11% (±1) CRs, a percentage similar to that 

25 of spontaneous blinks (10%) . A t-test for independent 
samples on the number of conditioned responses revealed 
that the difference was significant at p<0.0001. VGF 
transcripts were significantly upregulated in the 
hippocampus after paired but not unpaired eyeblink 

30 conditioning or naive controls (p<0.05, ANOVA) (Figure 2). 
Several of the immediate early genes including c-foa, EGR1 
and Arc were also induced by exposure to the paired stimuli 



WO 2004/041778 



'CT/US2003/034777 



-13- 

(p<0.05 / ANOVA) . These changes were specific and selective, 
since other genes induced by BDNF in vitro were not 
upregulated by trace eyeblink conditioning; 2\Ta+ channel, 
somatostatin receptor 4 (SSTR4) and transmembrane receptor 
5 UNC homolog 2 {JJNC5H2) were not significantly enhanced 
following paired eyeblink training. These results indicate 
that BDNF- induced transcriptional alterations of VGF and 
immediate early genes in vitro predict changes in vivo in 
the hippocampus during memory formation. Accordingly, 
10 modulating the neuropeptide VGF, for example, is useful for 
regulating synaptic function associated with learning and 
memory . 

The products of the genes induced following learning 
may regulate neuronal plasticity " at the single-cell level. 

15 VGF, like BDNF, is a secreted polypeptide and thus may be 
relevant for intercellular communication. A functional role 
for VGF in synaptic plasticity was thus investigated. To 
determine whether BDNF- induced transcriptional changes of 
VGF were accompanied by translational alterations, VGF 

20 levels were examined following BDNF treatment by western 
blot analysis. VGF, migrating as a doublet with an apparent 
molecular weight of 85-90 kD, increased by 1.5 -fold within 
3 hours of BDNF exposure. VGF protein levels were maximal 
at 12 hours and remained elevated for 48 hours of 

25 continuous BDNF application. Consequently, increased VGF 
mRNA levels after 3 hours BDNF treatment were associated 
with enhanced protein translation. VGF protein processing 
occurs in both neurons and neuroendocrine cells (Trani et 
al. (1995) J. Neurochem. 65:2441- 2449; Salton et al. 

30 (2000) supra) . The localization of VGF in dissociated 
hippocampal cultures was examined using a C- terminal 
antibody (R-15) which labeled both the soma and neurites 
indicating translocation to the neuronal processes. The 
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expression of VGF was similar to that previously observed 
in primary neuronal cultures (Benson and Sal ton (1996) 
Brain Res. Dev. Brain Res. 96:219-228) and was punctate in 
appearance. This pattern is consistent with the regulated 
5 release of VGP from large dense core vesicles (Trani et al . 
(1995) supra; Benson and Salton (1996) supra; Possenti et 
al. (1999) Endocrinology 140:3727-3735) and indicates a 
physiological role for the peptide. 

To explore a functional role for VGF in 

10 neuromodulation, whole-cell patch-clamp recordings on 
hippocampal cells were performed in the presence of 
synthetic VGF peptides. The electrophysiological profile of 
VGF peptides on hippocampal cells was similar to that 
observed for BDNF (Levine et al . (1996) supra). Increased 

15 synaptic charge was observed within 5 minutes of perfusion 
of peptides derived from the C-terminal portion of VGF 
(Thr-Leu-Gln-Pro-62 ; SEQ ID NO:14), whereas no change in 
synaptic charge resulted from application of peptide from 
the N-terminal region (Leu-Glu-Gly-Ser-28 ; SEQ ID NO:15). 

20 Enhanced synaptic activity was maintained for up to 25 
minutes in the continued presence of Thr-Leu-Gln-Pro-62 
(SEQ ID NO: 14). As an independent confirmation of the 
effect of VGF on synaptic plasticity, an alternate peptide 
derived from the C-terminal region was tested (Ala-Gln-Glu- 

25 Glu-30; SEQ ID NO: 16) and revealed a similar effect on 
synaptic charge. The effects of both Ala-Gln-Glu-Glu-30 
(SEQ ID NO: 16) and Thr-Leu-Gln-Pro-62 (SEQ ID NO: 14) 
peptides were dose -dependent, saturating at 0.1 jLiM. Taken 
together, these data indicate that the functional portion 

30 of VGF resides in the C-terminal region of the protein. 
These findings are the first demonstration of a 
neur ©modulatory role for VGF in synaptic plasticity of the 
hippocampus which subserves learning and memory. 
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The present invention relates to differentially- 
expressed genes involved in BDNF regulation of synaptic 
activity. These genes, referred to herein as nucleic acid 
sequences of the invention, which were inducible by BNDF 
5 include c-fos proto- oncogene (c-fos; SEQ ID N0:1); early 
growth response protein 1 (EGR1 ; SEQ ID NO: 2); activity- 
regulated cytoskeletal associated (Arc; SEQ ID NO:3); fos- 
related antigen 2 (Fra2; SEQ ID NO:4) ; Gl/S-specif ic cyclin 
Dl (cyclinDl; SEQ ID NO: 5); voltage-gated potassium channel 

10 protein (Kv+ 1-1; SEQ ID NO:6); sodium channel, beta 1 
subunit (Na+ ch; SEQ ID NO: 7); secretogranin II precursor 
(Sgll; SEQ ID NO:8); somatostatin receptor 4 (SSTR4; SEQ ID 
NO: 9); transmembrane receptor UNC5 homology (UNC5H2; SEQ ID 
NO: 10); neuropeptide Y (NPY; SEQ ID NO: 11); VGF protein 

15 precursor (VGF; SEQ ID NO: 12); and protein- tyrosine 
phosphatase IB (PTP1B; SEQ ID NO: 13) . Said genes were found 
to be upregulated or activated in BDNF-induced plasticity. 
Accordingly, as these genes may contribute to synaptic 
growth and plasticity, agents which modulate the expression 

2 0 or activity of these genes are useful for modulating 
learning and memory. As used herein, synaptic growth and 
plasticity is intended to include both acute and long-term 
activation, presynaptic and postsynaptic, and basal and 
enhanced transmission. 

25 Accordingly, one aspect of the present invention is a 

method for increasing synaptic growth or plasticity via 
activating or increasing the expression of a nucleic acid 
sequence, which is inducible by BNDF, or the activity of a 
protein encoded thereby. Such an increase in gene 

30 expression or protein activity is useful in promoting or 
stimulating synaptic growth or plasticity to promote or 
stimulate, for example, memory or learning. Means of 
increasing the expression of a nucleic acid sequence 
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disclosed herein or the activity of proteins encoded 
thereby are provided. 

It is contemplated that the expression of a BNDF- 
induced nucleic acid sequence of the invention may be 
5 increased via genetic engineering (gene therapy) or by 
administering agents which increase the expression or 
activity of said nucleic acid sequences or proteins encoded 
thereby, respectively. It is further contemplated that a 
protein of the invention may be administered as a purified 

10 recombinant protein (e.g., encapsulated in liposome 
formulations) to increase the amount of said protein in a 
cell. In particular it is advantageous for the gene, agent 
or protein to be expressed or administered to cells of the 
brain, e.g., the hippocampus. 

15 In one embodiment, genetic engineering or gene therapy 

approaches to increase the expression of a nucleic acid 
sequence of the invention to promote learning or memory may 
employ any method known in the art. For example, a method 
for increasing expression of a nucleic acid sequence of the 

2 0 invention includes exogenously supplying said nucleic acid 
sequence to a cell (i.e., a gene knockin) . 

In general, the coding sequence of a nucleic acid 
sequence of the invention (i.e., mRNA or DNA sequence) is 
delivered to cells in an area in which increased memory or 

25 learning is desirable. Mechanical methods, such as 
microinjection, liposome -mediated transf ection, 

electroporation, or calcium phosphate precipitation, may be 
used. Alternatively, if it is desired that the cells stably 
retain the construct, it may be supplied on a plasmid and 

30 maintained as a separate element or integrated into the 
genome of the cells, as is known in the art. Additionally, 
the construct may be introduced into a neuronal cell (e.g., 
cortical neurons or dorsal root ganglion neurons) or a cell 
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capable of differentiating into a neuronal cell (e.g., stem 
cell) and be transplanted into an individual in need. The 
construct may include transcriptional regulatory elements, 
such as a promoter element, an enhancer or UAS element, and 
5 a transcriptional terminator signal, for controlling 
transcription of the coding sequence in the cells. 

A DNA construct or RNA molecule encoding a nucleic 
acid sequence of the invention may be directly introduced 
into a cell using well-known methods or incorporated into a 

10 viral vector for delivery to the host animal. Vectors, such 
as replication-defective retroviruses, rabies virus, 
adenoviruses a;nd adeno-associated viruses may be used, 
preferably a neurotropic virus is used. Protocols for 
producing recombinant viruses and for infecting cells in 

15 vitro or in vivo with such viruses are described by in 
Ruitenberg, et al . ((2002) Methods 28 (2) : 182-94) ; Lundstom 
((2001) Curr. Gene Ther. l(l):19-29) and Current Protocols 
in Molecular Biology, Ausubel, F. M. et al . (eds.) Greene 
Publishing Associates, (1989), Sections 9.10-9.14 and other 

20 standard laboratory manuals. The genome of an adenovirus 
may be manipulated such that it encodes and expresses a 
nucleic acid sequence of the invention but is inactivated 
in terms of its ability to replicate in a normal lytic 
viral life cycle (Berkner, et al . (1988) BioTechniques 

25 6:616; Rosenfeld, et al . (1991) Science 252:431-434; 
Rosenfeld, et al . (1992) Cell 68:143-155). Suitable 
adenoviral vectors derived from the adenovirus strain Ad 
type 5 dl324 or other strains of adenovirus (e.g. , Ad2, 
Ad3, Ad7, etc.) are well-known to those skilled in the art. 

3 0 In vivo use of adenoviral vectors is described in Flotte, 
et al. ((1993) Proc. Natl. Acad. Sci. USA 90:10613-10617) 
and Kaplitt, et al . ((1994) Nature Genet. 8:148-153). Other 
viral vectors, such as those based on togaviruses, alpha 
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viruses, or vaccinia virus may also be used. Alternatively, 
an adeno-associated virus vector such as that disclosed by 
Xu, et al. ((2001) Gene Ther. 8 (17) : 1323-32) may be used to 
express a nucleic acid sequence of the invention. 
5 Regulatory sequences for in vivo expression of a 

nucleic acid sequence of the invention are preferably 
brain-specific and may be constitutive or regulated. 
Exemplary regulatory sequences include those associated 
with the expression of prions, human glial fibrillary 
10 acidic protein gene (Shi, et al . (2001) Proc. Natl. Acad. 
Sci. USA 98(22)112754-9), neuron- specific enolase or beta- 
act in. 

A DNA construct or RNA molecule of the invention may 
also be combined with a condensing agent, such as 

15 polylysine, polyarginine, polyorni thine, protamine, 
spermine, spermidine, or putrescine, to form a gene 
delivery vehicle. Many suitable methods for making such 
linkages are known in the art. Alternatively, a DNA 
construct or RNA molecule may be associated with a liposome 

20 for delivery to a desired cell. For example, plasmid DNA 
may be targeted to the brain with pegylated immunoliposomes 
using a targeting ligand such as a peptidomimetic mAb, 
which binds to a transporting receptor on the blood-brain 
barrier (Shi, et al . (2001) Proc. Natl. Acad. Sci. USA 

25 98 (22) : 12754-9) . Other suitable methods of providing DNA 
constructs or RNA molecules include DNA- ligand 
combinations. Receptor-mediated DNA delivery techniques are 
also well-known in the art (Findeis, et al . (1993) Trends 
Biotech. 11:202-05; Chiou, et al . (1994) Gene Therapeutics: 

30 Methods and Applications of Direct Gene Transfer (J. A. 
Wolff, ed.); Wu, et al . (1994) J. Biol. Chem. 269:542-46). 
Expression of a nucleic acid sequence of the invention may 
be monitored by detecting production of mRNA which 
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hybridizes to a delivered coding sequence or by detecting 
the protein product of the gene using, for example, 
immunological techniques . 

Expression of an endogenous nucleic acid sequence of 
5 the invention in a cell may also be altered by introducing 
in- frame with the endogenous gene a DNA construct 
comprising a targeting sequence, a regulatory sequence, an 
exon, and an unpaired splice donor site by homologous 
recombination, such that a homologously recombinant cell 

10 comprising a new transcription unit is formed. The new 
transcription unit may be used to turn expression of a 
nucleic acid sequence of the invention on or off as 
desired. This method of affecting endogenous gene 
expression is taught in U.S. Patent No! 5,641,670. 

15 Alternatively, expression of a nucleic acid sequence 

of the invention may be altered in cells which have been 
removed from a mammal, such as neuronal cells. The cells 
may then be replaced into the same or another mammal, 
preferably to or within the vicinity of a region which 

2 0 learning or memory is to be increased. 

In another embodiment, a recombinantly-produced or 
chemically-synthesized protein of the invention may be used 
to increase said protein levels in a cell where it is 
desirable to increase or stimulate learning or memory. 
25 Proteins of the invention may be used in a pharmaceutically 
acceptable composition and may be administered 
intraperi toneal ly , intracranial ly , subcutaneous ly , in 
accordance with well-known protocols. 

As will be appreciated by one of skill in the art, a 

3 0 full-length protein of the invention may be produced for 

use in the methods of the invention, however, fragments of 
a protein of the invention may also be used provided the 
fragment maintains the desired binding interaction or 
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activity of the full-length protein. Exemplary fragments of 
VGF which may be used to modulate synaptic growth or 
plasticity include fragments from the C- terminal region of 
VGF, e.g., Ala-Gln-Glu-Glu-30 (SEQ ID NO:16) and Thr-Leu- 
5 Gln-Pro-62 (SEQ ID NO: 14) peptides. 

In general, recombinant production of a protein of the 
invention requires incorporation of nucleic acid sequences 
encoding said protein (e.g., SEQ ID NO: 1-13) into a 
recombinant expression vector in a form suitable for 
10 expression of the protein in a host cell. 

A suitable form for expression provides that the 
recombinant expression vector includes one or more 
regulatory sequences operatively- linked to a nucleic acid 
sequence encoding a protein of the invention in a manner 
15 which allows for transcription of the nucleic acids into 
mRNA and translation of the mRNA into the protein. 
Regulatory sequences may include promoters, enhancers and 
other expression control elements (e.g. , polyadenylation 
signals) . Such regulatory sequences are known to those 
20 skilled in the art and are described in Goeddel D.D., ed. , 
Gene Expression Technology, Academic Press, San Diego, CA 
(1991) . It should be understood that the design of the 
expression vector may depend on such factors as the choice 
of the host cell to be transfected and/or the level of 
25 expression required. Nucleic acid sequences or expression 
vectors harboring nucleic acid sequences encoding a protein 
of the invention may be introduced into a host cell, which 
may be of eukaryotic or prokaryotic origin, by standard 
techniques for transforming cells. Suitable methods for 
30 transforming host cells may be found in Sambrook, et al . 
(Molecular Cloning: A Laboratory Manual, 3rd Edition, Cold 
Spring Harbor Laboratory Press (2000)) and other laboratory 
manuals. The number of host cells transformed with a 
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nucleic acid sequence encoding a protein of the invention 
will depend, at least in part, upon the type of recombinant 
expression vector used and the type of transformation 
technique used. Nucleic acids may be introduced into a host 
5 cell transiently, or more typically, for long-term 
expression of a protein of the invention the nucleic acid 
sequence is stably integrated into the genome of the host 
cell or remains as a stable episome in the host cell. Once 
produced, a protein of the invention may be recovered from 

10 culture medium as a secreted polypeptide, although it also 
may be recovered from host cell lysates when directly 
expressed without a secretory signal. When a protein of the 
invention is expressed in a recombinant cell other than one 
of human origin, said protein is substantially free of 

15 proteins or polypeptides of human origin. However, it may 
be necessary to purify the protein from recombinant cell 
proteins or polypeptides using conventional protein 
purification methods to obtain preparations that are 
substantially homogeneous as to a protein of the invention. 

20 As a first step, the culture medium or lysate is 
centrifuged to remove particulate cell debris. The membrane 
and soluble protein fractions are then separated. The 
recombinant protein may then be purified from the soluble 
protein fraction. The recombinant protein thereafter is 

25 purified from contaminant soluble proteins and polypeptides 
using any of the following suitable purification 
procedures: by fractionation on immunoaf f inity or ion- 
exchange columns; ethanol precipitation; reverse phase 
HPLC; chromatography on silica or on a cat ion- exchange 

3 0 resin such as DEAE; chromatof ocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, 
SEPHADEX G-75; ligand affinity chromatography, and protein 
A SEPHAROSE columns to remove contaminants such as IgG. 
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In addition to recombinant production, a protein of 
the invention may be produced by direct peptide synthesis 
using solid-phase techniques (Merrifield J. (1963) iJ. Am. 
Chem. Soc. 85:2149-2154). Protein synthesis may be 
5 performed using manual techniques or by automation. 
Automated synthesis may be achieved, for example, using 
Applied Biosys terns 43 1A Peptide Synthesizer (Perkin Elmer, 
Boston, MA) . Various fragments of a protein of the 
invention may be chemically- synthesized separately and 
10 combined using chemical methods to produce a full-length 
molecule . 

In a further embodiment of the present invention, 
expression of a nucleic acid sequence of the invention or 
activity of a protein encoded thereby may be regulated 

15 using an agent which increases the expression or activity 
of a protein of the invention. Agents suitable for 
regulating the expression or activity of protein of the 
invention may be identified in accordance with the 
screening assay of the invention and encompass numerous 

20 chemical classes, though typically they are organic 
molecules, preferably small organic compounds having a 
molecular weight of more than 100 and less than about 2,500 
daltons. Agents comprise functional groups necessary for 
structural interaction with proteins, particularly hydrogen 

25 bonding, and typically include at least an amine, carbonyl, 
hydroxyl or carboxyl group, preferably at least two of the 
functional chemical groups. The agents often comprise 
cyclical carbon or heterocyclic structures and/or aromatic 
or polyaromatic structures substituted with one or more of 

30 the above functional groups. Agents may also be found among 
biomolecules including peptides, antibodies, saccharides, 
fatty acids, steroids, purines, pyrimidines, derivatives, 
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or proteins, DNA constructs or RNA molecules described 
herein and structural analogs or combinations thereof. 

Agents are obtained from a wide variety of sources 
including libraries of synthetic or natural compounds. The 
5 use of replicable genetic packages, such as the 
bacteriophages, is one method of generating novel 
polypeptide entities that regulate the expression or 
activity of a protein of the invention. This method 
generally consists of introducing a novel, exogenous DNA 
10 segment into the genome of a bacteriophage (or other 
amplifiable genetic package) so that the polypeptide 
encoded by the non-native DNA appears on the surface of the 
phage. When the inserted DNA contains sequence diversity, 
then each recipient phage displays one variant of the 
15 template amino acid sequence encoded by the DNA, and the 
phage population (library) displays a vast number of 
different but related amino acid sequences. 

Antibodies which specifically bind a protein of the 
invention are also contemplated as agonistic agents for 
20 regulating the activity of a protein of the invention. 
Antibodies to a protein of the invention may be generated 
using methods that are well-known in the art. Such 
antibodies may include, but are not limited to, polyclonal, 
monoclonal, chimeric, single chain, Fab fragments, and 
25 fragments produced by a Fab expression library. 
Neutralizing antibodies are especially preferred for 
therapeutic use. 

For the production of antibodies, various hosts 
including goats, rabbits, rats, mice, humans, and others, 
30 may be immunized by injection with a protein of the 
invention or any fragment or oligopeptide thereof which has 
immunogenic properties. Depending on the host species, 
various adjuvants may be used to increase immunological 



WO 2004/041778 




'CTYUS2003/034777 



-24- 



response. Such adjuvants include, but are not limited to, 
Freund's, mineral gels such as aluminum hydroxide, and 
surface-active substances such as lysolecithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole 
5 limpet hemocyanin, and dinitrophenol . Among adjuvants used 
in humans, BCG (bacilli Calmette-Guerin) and 

Corynebacterium parvum are especially preferable. 

It is preferred that the oligopeptides, peptides, or 
fragments used to induce antibodies to a protein of the 

10 invention have an amino acid sequence consisting of at 
least five amino acids and more preferably at least 10 
amino acids. It is also preferable that they are identical 
to a portion of the amino acid sequence of the natural 
protein, and they may contain the entire amino acid 

15 sequence of a small, naturally occurring molecule. Short 
stretches of amino acids of a protein of the invention may 
be fused with those of another protein such as keyhole 
limpet hemocyanin and antibody produced against the 
chimeric molecule . 

20 Monoclonal antibodies to a protein of the invention 

may be prepared using any technique which provides for the 
production of antibody molecules by continuous cell lines 
in culture. These include, but are not limited to, the 
hybridoma technique, the human B-cell hybridoma technique, 

25 and the EBV-hybridoma technique (Kohler, et al . (1975) 
Nature 256:495-497; Kozbor, et al . (1985) J". Immunol. 
Methods 81:31-42; Cote, et al . (1983) Proc. Natl. Acad. 
Sci. 80:2026-2030; Cole, et al . (1984) Mol . Cell Biol. 
62:109-120) . 

30 In addition, techniques developed for the production 

of humanized and chimeric antibodies, the splicing of mouse 
antibody genes to human antibody genes to obtain a molecule 
with appropriate antigen specificity and biological 
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activity may be used (Morrison, et al . (1984) Proc. Natl. 
Acad. Sci. 81, 6851-6855; Neuberger, et al . (1984) Nature 
312:604-608; Takeda, et al . (1985) Mature 314:452-454). 
Alternatively, techniques described for the production of 
5 single chain antibodies may be adapted, using methods known 
in the art, to produce specific single chain antibodies. 
Antibodies with related specificity, but of distinct 
idiotypic composition, may be generated by chain shuffling 
from random combinatorial immunoglobulin libraries (Burton 

10 (1991) Proc. Natl. Acad. Sci. 88,11120-11123). 

Antibodies may also be produced by inducing in vivo 
production in the lymphocyte population or by screening 
immunoglobulin libraries or panels of highly specific 
binding reagents as is well-known in the art (Orlandi, et 

15 al. (1989) Proc. Natl. Acad. Sci. 86: 3833-3837; Winter, et 
al. (1991) Mature 349:293-299) . 

Antibody fragments, which contain specific binding 
sites for a protein of the invention, may also be 
generated. For example, such fragments include, but are not 

20 limited to, the F(ab") 2 fragments which may be produced by 
pepsin digestion of the antibody molecule and the Fab 
fragments which may be generated by reducing the disulfide 
bridges of the F(ab") 2 fragments. Alternatively, Fab 
expression libraries may be constructed to allow rapid and 

25 easy identification of monoclonal Fab fragments with the 
desired specificity (Huse, et al . (1989) Science 254:1275- 
1281) . 

Various immunoassays may be used for screening to 
identify antibodies having the desired specificity. 
3 0 Numerous protocols for competitive binding or 
immunoradiometric assays using either polyclonal or 
monoclonal antibodies with established specificity are 
well-known in the art. Such immunoassays typically involve 
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the measurement of complex formation .between a specific 
antibody and a protein of the invention. A two-site, 



antibodies reactive to two non- interfering epitopes is 
5 preferred, but a competitive binding assay may also be 
employed. 

While isolated proteins, DNA constructs, RNA 
molecules,, or antibodies disclosed heretofore may be used 
for increasing the expression or activity of a protein of 

10 the invention so that synaptic growth or plasticity is 
modulated, the present invention also provides a method for 
identifying other agents for such purposes. A cell-based 
assay is specifically contemplated. Such a method involves 
contacting a test cell with an agent and detecting 

15 expression or activation of a nucleic acid sequence of the 
invention in the test cell . An agent which causes an 
increase in activation of a nucleic acid sequence of the 
invention in the test cell when compared to a test cell not 
contacted with the agent, indicates that the agent 

2 0 increases synaptic growth or plasticity. 

One embodiment of the screening method of the 
invention is based on the use of a reporter to detect gene 
expression. In this embodiment, test cells are typically 
isolated neurons which contain or have been transformed 

25 with a nucleic acid sequence encoding a reporter operably 
linked to promoter of a nucleic acid sequence of the 
invention. Upon exposure to the test agent, the presence or 
activity of the reporter is detected and correlated with 
the expression or activation of a nucleic acid sequence of 

30 the invention. 

A nucleic acid sequence encoding a reporter may be 
inserted into a recombinant expression vector to generate a 
reporter gene construct . A reporter gene construct refers 
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to a plasmid, virus or other vehicle known in the art that 
has been manipulated by insertion or incorporation of 
nucleic acid sequences encoding a reporter. Such reporter 
gene constructs of the invention are preferably plasmids 
5 which contain at least a portion of a promoter sequence of 
a nucleic acid sequence of the invention which is operably 
associated with the inserted nucleic acid sequences 
encoding the reporter. The construct typically contains an 
origin of replication as well as specific selectable or 

10 screenable marker genes for initially isolating, 
identifying or tracking test cells that contain the desired 
reporter/promoter DNA. The reporter gene construct also may 
provide unique or conveniently located restriction sites to 
allow severing and/or rearranging portions of the DNA 

15 inserts in a reporter gene construct . More than one 
reporter gene may be inserted into the construct such that 
the test cells containing the resulting construct may be 
assayed by different means. 

A reporter refers to any sequence that is detectable 

20 and distinguishable from other sequences present in test 
cells. Preferably, the reporter nucleic acid sequence 
encodes a protein that is readily detectable either by its 
presence, or by its activity that results in the generation 
of a detectable signal- A nucleic acid sequence encoding 

25 the reporter is used in the invention to monitor and report 
the activity of a promoter of a nucleic acid sequence of 
the invention in test cells. 

A variety of enzymes may be used as reporters 
including, but are not limited to, (3-galactosidase (Nolan, 

30 et al. (1988) Proc. Natl. Acad. Sci . USA 85:2603-2607), 
chloramphenicol acetyltransf erase (CAT; Gorman, et al . 
(1982) Mol. Cell Biol. 2:1044; Prost, et al . (1986) Gene 
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45:107-111), (3- lactamase, p-glucuronidase and alkaline 
phosphatase (Berger, et al . (1988) Gene 66:1-10; Cullen, et 
al. (1992) Meth. Enzymol . 216:362-368). Transcription of 
the nucleic acid sequences encoding a reporter leads to 
5 production of the enzyme in test cells. The amount of 
enzyme present may be measured via its enzymatic action on 
a substrate resulting in the formation of a detectable 
reaction product. The method of the invention provides 
means for determining the amount of reaction product, 

10 wherein the amount of reaction product generated or the 
remaining amount of substrate is related to the amount of 
enzyme activity. For some enzymes, such as p-galactosidase, 
P- glucuronidase and p-lactamase, well-known fluorogenic 
substrates are available that allow the enzyme to convert 

15 such substrates into detectable fluorescent products. 

A variety of bioluminescent , chemiluminescent and 
fluorescent proteins also may be used as light -emit ting 
reporters. Exemplary light-emitting reporters, which are 
enzymes and require cofactor(s) to emit light, include, but 

20 are not limited to, the bacterial luciferase {luxAB gene 
product) of Vibrio harveyi (Karp (198 9) Biochim. Biophys. 
Acta 1007:84-90; Stewart, et al . (1992) J. Gen. Microbiol. 
138:1289-1300), and the luciferase from firefly, Photinus 
pyralis (De Wet, et al . (1987) Mol. Cell. Biol. 7:725-737). 

25 Another type of light-emitting reporter, which does 

not require substrates or cof actors includes, but is not 
limited to, the wild- type green fluorescent protein (GFP) 
of Victoria aequoria (Chalfie, et al . (1994) Science 
263:802-805), modified GFPs (Heim, et al . (1995) Mature 

30 373:663-4; WO 96/23810), and the gene products encoded by 
the Photorhabdus luminescens lux operon {luxABCDE) 
(Francis, et al . (2000) Infect. Immun. 68 (6) : 3594-600) . 
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Transcription and translation of these type of reporters 
leads to the accumulation of the fluorescent or 
bioluminescent proteins in test cells, which may be 
measured by a device ,\ such as a fluorimeter, flow 
5 cytometer, or luminometer . Methods for performing assays on 
fluorescent materials are well-known in the art {e.g., 
Lackowicz (1983) In: Principles of Fluorescence 
Spectroscopy, New York, Plenum Press) . 

For convenience and efficiency, enzymatic reporters 

10 and light-emitting reporters are preferred for the 
screening assays of the invention. Accordingly, the 
invention encompasses histochemical , colorimetric and 
f luorometric assays . 

A promoter which is operably associated or operably 

15 linked to nucleic acid sequences encoding a reporter means 
that the sequences are joined and positioned in such a way 
as to permit transcription. Two or more sequences, such as 
a promoter and any other nucleic acid sequences are 
operably associated if transcription commencing in the 

2 0 promoter will produce an RNA transcript of the operably 

associated sequences. A promoter is defined as a fully 
functional sequence which regulates expression of a nucleic 
acid sequence of the invention, i.e., a promoter which has 
binding sites for transcription factors and minimal 
25 promoter sequences. A promoter may include sequences 
upstream of a coding region of SEQ ID NO: 1-13. 

Various portions of a promoter or gene sequence may be 
generated by PCR (e.g., by inverse PCR methods using 
primers based on the 5' sequences of SEQ ID NO: 1-13 and 

3 0 genomic DNA as a template) or other conventional cloning 

techniques using DNA from the genomic locus of a gene 
identified herein. For PCR amplification, primers may be 
synthesized corresponding to the 5 1 and 3 1 boundaries of 
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the selected promoter or gene regions. Primers also may 
contain additional restriction enzyme recognition sequences 
to facilitate subcloning. 

Introduction of the reporter gene construct into the 
5 test cells may be carried out by conventional techniques 
well-known to those skilled in the art, such as 
transf ection, transformation, conjugation, and 

transduction . 

In addition to conventional chemical methods of 
10 transformation, the reporter gene construct of the 
invention may be introduced into a test cell by physical 
means, such as by electroporation or microinjection. 
Electroporation allows transfer of the vector by high 
voltage electric impulse, which creates pores in the plasma 
15 membrane of the cell and is performed according to methods 
well-known in the art. Additionally, the reporter gene 
construct may be introduced into test cells by protoplast 
fusion, using methods well-known in the art. The reporter 
gene construct may be introduced into a test cell 
20 transiently, or more typically, the nucleic acids are 
stably integrated into the genome of the test cell or 
remain as stable episomes in the test cell. 

The test cells which contain the nucleic acid 
sequences encoding the reporter and which express products 
25 of the nucleic acid sequences encoding the reporter may be 
identified by at least four general approaches; detecting 
DNA-DNA or DNA-RNA hybridization; observing the presence or 
absence of marker gene functions (e.gr., resistance to 
antibiotics) ; assessing the level of transcription as 
30 measured by the expression of reporter mRNA transcripts in 
the host cell; and detecting the reporter gene product as 
measured by immunoassay or by its biological activity. 
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The steps involved in a reporter-based screening assay 
include, culturing a test cell which contains nucleic acid 
sequences encoding a reporter operably linked to a promoter 
of a nucleic acid sequence of the invention; adding at 
5 least one test agent to a point of application, such as a 
well, in the plate containing the test cell and incubating 
the plate for a time sufficient to allow the test agent to 
effect reporter accumulation; detecting reporter activity 
of the test cell contacted with the test agent, wherein 

10 reporter activity indicates expression of the reporter 
polypeptide in the test cell; and comparing reporter 
activity of the test cell which has been contacted with the 
test agent to that of the test cell not contacted with the 
test agent. An increase in reporter activity of the " test 

15 cell contacting the test agent relative to the reporter 
activity of the test cell not contacting the test agent 
indicates that the test agent causes an increase in 
expression of a nucleic acid sequence of the invention in 
the test cell. 

2 0 Another embodiment of the screening method of the 

invention is based on the detection of gene expression 
using RT-PCR and/or microarray analysis. In this 
embodiment, at least one test agent is added to a test cell 
located, for example, in a well of a microtiter plate, and 

25 the test cell and test agent are incubated for a time 
sufficient to allow the test agent to effect accumulation 
of a nucleic acid sequence of the invention. Subsequently, 
expression or activation of said nucleic acid sequence is 
determined by reverse-transcription (RT) alone or in 

30 combination with array hybridization as disclosed herein. 
An increase in expression of said nucleic acid sequence in 
the test cell contacting the test agent, relative to 
expression of the same in a test cell not contacting the 
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test agent, indicates that the test agent is useful for 
modulating synaptic growth or plasticity. 

Test cells used in accordance with a screening method 
of the invention may be cultured under standard conditions 
5 of temperature, incubation time, optical density, plating 
density and media composition corresponding to the 
nutritional and physiological requirements of the cells . 
However, conditions for maintenance and growth of the test 
cell may be different from those for assaying candidate 

10 agents in the screening methods of the invention. Modified 
culture conditions and media are used to facilitate 
detection of the expression of a reporter molecule. Any 
techniques known in the art may be applied to establish the 
optimal conditions* 

15 Screening assays of the invention may be performed in 

any format that allows rapid preparation and processing of 
multiple reactions such as in, for example, multi-well 
plates of the 96-well variety. Stock solutions of the 
agents as well as assay components are prepared manually 

20 and all subsequent pipeting, diluting, mixing, washing, 
incubating, sample readout and data collecting is done 
using commercially available robotic pipeting equipment, 
automated work stations, and analytical instruments for 
detecting the signal generated by the assay. 

25 In addition to the agent and a test cell, a variety of 

other reagents may be included in the screening assays. 
These include reagents like salts, neutral proteins, e.g., 
albumin, detergents, etc. Also, reagents that otherwise 
improve the efficiency of the assay, such as protease 

30 inhibitors, nuclease inhibitors, anti-mi crobial agents, and 
the like may be used. 

Activators or repressors of expression of a nucleic 
acid sequence of the invention may include agents which 
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directly bind to a region on the promoter as well as agents 
which interact with transcriptional factors that bind to 
the said promoter thereby specifically regulating gene 
expression, 

5 Agents identified in the screening assays provided 

herein are useful in stimulating or increasing synaptic 
growth or plasticity. Thus, these agents, as well as 
isolated proteins of the invention, or fragments thereof, 
may be formulated into pharmaceutical compositions 

10 comprising an effective amount of a recombinant protein or 
agent to increase the expression, protein levels, or 
activity of the inventive nucleic acid sequences or 
proteins encoded thereby. Such pharmaceutical compositions 
may be prepared by methods and contain vehicles which are 

15 well-known in the art. A generally recognized compendium of 
such methods and ingredients is Remington: The Science and 
Practice of Pharmacy, Alfonso R. Gennaro, editor, 20th ed. 
Lippincott Williams & Wilkins: Philadelphia, PA, 2000. 

By effective amount it is meant an amount of 

2 0 recombinant protein or agent which stimulates or increases 
synaptic growth or plasticity by 25%, 50%, 75%, or more 
compared to individuals not receiving treatment . 
Preferably, the agent or protein provides both therapeutic 
treatment and prophylactic or preventative measures, 

25 wherein the object is to prevent or slow down (lessen) an 
undesired physiological condition, disorder or disease or 
obtain beneficial or desired clinical results . For 
purposes of this invention, beneficial or desired clinical 
results include, but are not limited to, alleviation of 

30 symptoms; diminishment of extent of condition, disorder or 
disease; stabilized (i.e., not worsening) state of 
condition, disorder or disease; delay or slowing of 
condition, disorder, or disease progression; amelioration 
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of the condition, disorder or disease state, remission 
(whether partial or total) , whether detectable or 
undetectable; or enhancement or improvement of condition, 
disorder or disease. Treatment includes eliciting a 
5 cellular response that is clinically significant, without 
excessive levels of side effects. Treatment also includes 
prolonging survival as compared to expected survival if not 
receiving treatment . 

Conditions, diseases or disorders which may be treated 

10 with an agent of the invention include, but are not limited 
to, Alzheimer's disease, Huntington's disease, benign 
f orgetfulness of memory, dementia, and other diseases 
associated with synaptic loss. 

A pharmaceutical composition may be administered to a 

15 mammal to stimulate synaptic growth or plasticity in said 
mammal. A mammal refers to any animal classified as a 
mammal, including humans, domestic and farm animals, and 
zoo, sports and pet companion animals such as a household 
pet and other domesticated animal such as, but not limited 

20 to, cattle, sheep, ferrets, swine, horses, poultry, 
rabbits, goats, dogs, cats, and the like. Preferred 
companion animals are dogs and cats. Preferably, the 
mammal is human. 

A pharmaceutical composition of the invention may be 

2 5 administered by any suitable means, including parenteral 

injection (such as intraperitoneal, sub cutaneous, 
intracranial or intramuscular injection) , orally, or by 
topical application {e.g., transdermal or via a mucosal 
surface) . 

3 0 For oral administration, a pharmaceutical composition 

useful in the invention may take the form of solutions, 
suspensions, tablets, pills, capsules, powders, granules, 
semisolids, sustained release formulations, elixirs, 
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aerosols, and the like. Tablets containing various 
excipients such as sodium citrate, calcium carbonate and 
calcium phosphate are employed along with various 
disintegrants such as starch, preferably potato or tapioca 
5 starch, and certain complex silicates, together with 
binding agents such as polyvinylpyrrolidone, sucrose, 
gelatin and acacia. Additionally, lubricating agents such 
as magnesium stearate, sodium lauryl sulfate and talc are 
often very useful for generating tablets. Solid 
10 compositions of a similar type are also employed as fillers 
in soft and hard-filled gelatin capsules; preferred 
materials in this connection also include lactose or milk 
sugar as well as high molecular weight polyethylene 
glycols. When aqueous suspensions and/or elixirs are 
15 desired for oral administration, the compounds of this 
invention may be combined with various sweetening agents, 
flavoring agents, coloring agents, emulsifying agents 
and/ or suspending agents, as well as such diluents as 
water, ethanol, propylene glycol, glycerin and various like 
20 combinations thereof. 

The choice of formulation depends on various factors 
such as the mode of drug administration (e.g., for oral 
administration, formulations in the form of tablets, pills 
or capsules are preferred) and the bioavailability of the 
25 drug substance. Pharmaceutical formulations have been 
developed especially for drugs that show poor 
bioavailability based upon the principle that 
bioavailability may be increased by increasing the surface 
area, i.e., decreasing particle size. For example, U.S. 
30 Patent No. 4,107,288 describes a pharmaceutical formulation 
having particles in the size range from 10 to 1,000 nm in 
which the active material is supported on a cross-linked 
matrix of macromolecules . U.S. Patent No. 5,145,684 
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describes the production of a pharmaceutical formulation in 
which the drug substance is pulverized to nanoparticles 
(average particle size of 400 nm) in the presence of a 
surface modifier and then dispersed in a liquid medium to 
5 give a pharmaceutical formulation that exhibits remarkably- 
high bioavailability. 

The term parenteral as used herein refers to modes of 
administration, which include intravenous, intramuscular, 
intraperitoneal , intrasternal , subcutaneous , intramedullary 

10 and intraarticular injection and infusion. A pharmaceutical 
composition for parenteral injection may comprise 
pharmaceutically acceptable sterile aqueous or nonaqueous 
solutions, dispersions, suspensions or emulsions as well as 
sterile powders for reconstitution into sterile injectable 

15 solutions or dispersions just prior to use. Aqueous 
solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal injection 
purposes. Sterile, aqueous media are readily obtainable by 
standard techniques well-known to those skilled in the art. 

2 0 Examples of suitable aqueous and nonaqueous carriers, 
diluents, solvents or vehicles include water, ethanol, 
polyols (such as glycerol, propylene glycol, polyethylene 
glycol, and the like) , carboxymethylcellulose and suitable 
mixtures thereof, vegetable oils (such as olive oil) , and 

25 injectable organic esters such as ethyl oleate. Proper 
fluidity may be maintained, for example, by the use of 
coating materials such as lecithin, by the maintenance of 
the required particle size in the case of dispersions, and 
by the use of surfactants . 

30 The pharmaceutical compositions useful in the present 

invention may also contain adjuvants such as, but not 
limited to, preservatives, wetting agents, emulsifying 
agents, and dispersing agents. Prevention of the action of 
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microorganisms can be ensured by the inclusion of various 
antibacterial and antifungal agents, such as for example, 
paraben, chlorobutanol , phenol sorbic acid, and the like. 
It may also be desirable to include isotonic agents such as 
5 sugars, sodium chloride, and the like. Prolonged absorption 
of the injectable pharmaceutical form may be brought about 
by the inclusion of agents that delay absorption such as 
aluminum monostearate and gelatin. 

In some cases, in order to prolong the effect of the 

10 drugs, it is desirable to slow the absorption from 
subcutaneous or intramuscular injection. This may be 
accomplished by the use of a liquid suspension of 
crystalline or amorphous material with poor water 
solubility. The rate of absorption of the drug then depends 

15 upon its rate of dissolution which, in turn, may depend 
upon crystal size and crystalline form. Alternatively, 
delayed absorption of a parenterally administered drug form 
is accomplished by dissolving or suspending the drug in an 
oil vehicle. 

2 0 Injectable depot forms are made by forming 

microencapsule matrices of the drug in biodegradable 
polymers such as polylactide, polyglycolide, and 
polylactide-polyglycolide . Depending upon the ratio of 
drug to polymer and the nature of the particular polymer 

25 employed, the rate of drug release may be controlled. 
Examples of other biodegradable polymers include 
poly (orthoesters) and poly (anhydrides) . Depot injectable 
formulations are also prepared by entrapping the drug in 
liposomes or microemulsions that are compatible with body 

30 tissues. 

The injectable formulations may be sterilized, for 
example, by filtration through a bacterial -retaining 
filter, or by incorporating sterilizing agents in the form 
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of sterile solid compositions which may be dissolved or 
dispersed in sterile water or other sterile injectable 
medium just prior to use. 

Administration by slow infusion is particularly useful 
5 when intrathecal or epidural routes are employed. A number 
of implantable or body-mountable pumps useful in delivering 
compound at a regulated rate are known in the art. See, 
e.g. , U.S. Patent No. 4,619,652. 

Suspensions, in addition to the active compounds, may 
10 contain suspending agents as, for example, ethoxylated 
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum me tahydr oxide, 
bentonite, agar-agar, and tragacanth, and mixtures thereof. 

For purposes of transdermal (e.g.", ' topical) 
15 administration, dilute sterile, aqueous or partially 
aqueous solutions (usually in about 0.1% to 5% 
concentration) , otherwise similar to the above parenteral 
solutions, are prepared. 

The pharmaceutical compositions useful in the 
2 0 invention may also be administered by nasal aerosol or 
inhalation. Such compositions are prepared according to 
techniques well-known in the art of pharmaceutical 
formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable preservatives, 
25 absorption promoters to enhance bioavailability, 
f luorocarbons , and/or other conventional solubilizing or 
dispersing agents. 

In nonpressurized powder compositions, the active 
ingredients in finely divided form may be used in admixture 
30 with a larger-sized pharmaceutical ly acceptable inert 
carrier comprising particles having a size, for example, of 
up to 100 /xm in diameter. Suitable inert carriers include 
sugars such as lactose. Desirably, at least 95% by weight 
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of the particles of the active ingredient have an effective 
particle size in the range of 0.01 to 10 /zm. 

The compositions useful in the present invention may 
also be administered in the form of liposomes. As is known 
5 in the art, liposomes are generally derived from 
phospholipids or other lipid substances. Liposomes are 
formed by mono- or multi-lamellar hydrated liquid crystals 
that are dispersed in an aqueous medium. Any non- toxic, 
physiologically acceptable and metabolizable lipid capable 
10 of forming liposomes may be used. The present compositions 
in liposome form may contain, in addition to the compounds 
of the invention, stabilizers, preservatives, excipients, 
and the like. The preferred lipids are the phospholipids 
and the phosphatidyl cholines (lecithins) , both natural and 
15 synthetic. Methods to form liposomes ,are known in the art 
(see, e.g., Prescott (1976) Meth. Cell Biol. 14:33). 

Other pharmaceutically acceptable carrier includes, 
but is not limited to, a non-toxic solid, semisolid or 
liquid filler, diluent, encapsulating material or 
20 formulation auxiliary of any type, including but not 
limited to ion exchangers, alumina, aluminum stearate, 
lecithin, serum proteins, such as human serum albumin, 
buffer substances such as phosphates, glycine, sorbic acid, 
potassium sorbate, partial glyceride mixtures of saturated 
25 vegetable fatty acids, water, salts or electrolytes, such 
as protamine sulfate, disodium hydrogen phosphate, 
potassium hydrogen phosphate, sodium chloride, zinc salts, 
colloidal silica, magnesium trisilicate, polyvinyl 
pyrrol idone , eel lulose - based subs t ances , polye thyl ene 
3 0 glycol, sodium carboxymethylcellulose, polyacrylates , 
waxes , polyethylene-polyoxypropylene-block polymers , 

polyethylene glycol and wool fat. 
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Solid pharmaceutical excipients include, but are not 
limited to, starch, cellulose, talc, glucose, lactose, 
sucrose, gelatin, malt, rice, flour, chalk, silica gel, 
magnesium stearate, sodium stearate, glycerol monostearate, 
5 sodium chloride, dried skim milk and the like. Liquid and 
semisolid excipients can be selected from glycerol, 
propylene glycol, water, ethanol and various oils, 
including those of petroleum, animal, vegetable or 
synthetic origin, e.g., peanut oil, soybean oil, mineral 
10 oil, sesame oil, etc. Preferred liquid carriers, 
particularly for injectable solutions, include water, 
saline, aqueous dextrose, and glycols. 

Pharmaceutical compositions useful in the present 
invention may contain 0.1%-95% of an agent (s) of the 
15 invention, preferably l%-70%. In any event, the composition 
or formulation to be administered will contain a quantity 
of a agent (s) according to the invention in an amount 
effective to treat the condition, disorder or disease of 
the subject being treated. 
20 One of ordinary skill in the art will appreciate that 

pharmaceutical ly effective amounts of the agent may be 
determined empirically and may be employed in pure form or, 
where such forms exist, in pharmaceutical ly acceptable 
salt, ester or prodrug form. The agents may be administered 
25 to a patient as pharmaceutical compositions in combination 
with one or more pharmaceutically acceptable excipients. It 
will be understood that, when administered to, for example, 
a human patient, the total daily usage of the agents or 
composition of the present invention will be decided within 
30 the scope of sound medical judgement by the attending 
physician. The specific therapeutically effective dose 
level for any particular patient will depend upon a variety 
of factors : the type and degree of the cellular response 
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to be achieved; activity of the specific agent or 
composition employed; the specific agents or composition 
employed; the age, body weight, general health, sex and 
diet of the patient; the time of administration, route of 
5 administration, and rate of excretion of the agent; the 
duration of the treatment; drugs used in combination or 
coincidental with the specific agent; and like factors well 
known in the medical arts. For example, it is well within 
the skill of the art to start doses of the agents at levels 

10 lower than those required to achieve the desired 
therapeutic effect and to gradually increase the dosages 
until the desired effect is achieved. 

For example, satisfactory results are obtained by oral 
administration of agents at dosages on the order of from 

15 0.05 to 500 mg/kg/day, preferably 0.1 to 100 mg/kg/day, 
more preferably 1 to 50 mg/kg/day, administered once or, in 
divided doses, 2 to 4 times per day. On administration 
parenterally, for example, by i.v. bolus, drip or infusion, 
dosages on the order of from 0.01 to 1000 mg/kg/day, 

20 preferably 0.05 to 500 mg/kg/day, and more preferably 0.1 
to 100 mg/kg/day, may be used. Suitable daily dosages for 
patients are thus on the order of from 2.5 to 500 mg p.o., 
preferably 5 to 250 mg p.o., more preferably 5 to 100 mg 
p.o., or on the order of from 0.5 to 250 mg i.v., 

25 preferably 2.5 to 125 mg i.v. and more preferably 2.5 to 50 
mg i.v. 

Dosaging may also be arranged in a patient specific 
manner to provide a predetermined concentration of the 
agents in the blood, as determined by techniques accepted 
30 and routine in the art (HPLC is preferred) . Thus patient 
dosaging may be adjusted to achieve regular on-going blood 
levels, as measured by HPLC, on the order of from 50 to 
5000 ng/ml, preferably 100 to 2500 ng/ml . 
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The invention is described in greater detail by the 
following non-limiting examples. 

5 Example 1: Cell Culture Preparation. 

Time -mated pregnant rats were sacrificed by C0 2 
asphyxiation in accordance with institutional guidelines 
for care and use of animals. Fetuses were removed by 
caesarean section and transferred to a sterile petri dish 

10 with phosphate-buffered saline. Fetal hippocampi were 
dissected from surrounding brain tissue and meninges were 
completely removed. Low-density cultures of dissociated 
embryonic day 18 rat hippocampi (Sprague Dawley from 
Hilltop Laboratories, Scott sdale, PA) were prepared using 

15 standard methods (Thakker-Varia et al . (2001) supra). 
Briefly, pooled tissue from each litter was mechanically 
dissociated in nutrient medium containing 7.5% fetal bovine 
serum and plated on poly-D-lysine-coated culture dishes at 
350,000 cells/dish. Cultures were maintained in serum-free 

20 medium (Thakker-Varia et al . , 2001) for 10-14 days and 
contained pure neurons . 

Example 2: Electrophysiological Recordings 

Whole-cell patch clamp recordings were performed after 
10-14 days in culture. Currents were recorded with an 

25 Axoclamp 200 amplifier, digitized at 2.5 kHz with an INDEC 
IDA 15125 interface, filtered at 5 kHz and stored. 
Recording parameters and stimulus protocols were controlled 
by custom software written with Borland C++ that utilizes 
device driver libraries supplied by INDEC. Data analysis 

3 0 programs were written with Microsoft Visual Basic. The 
external bath solution for voltage clamp recordings was (in 
mM) 1.67 CaC12, 1 MgC12, 5.36 KC1, 137 NaCl, 17 glucose, 10 
HEPES and 20 sucrose (neuron recording solution, NRS) . The 
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pipette solution contained (in mM) 105 Cs -methanesulf onate , 
17.5 CsCl, 10 HEPES, 0.2 EGTA, 8 NaCl , 2 Mg-ATP, 2 Na-ATP , 
0.3 Na-GTP, 20 phosphocreatinine , and 50 U/ml creatinine 
phosphokinase . All recordings were made at room 
5 temperature. The typical range of pipette resistance was 3- 
5 Mfi. Cell capacitance was 10-20 pF and access resistance 
was 7-2 0 MQ. Vacuum perfusion system contained BDNF (50 
ng/ml, Preprotech, Princeton, NJ) , NRS as a control or VGF 
peptides (0.1 fiM = 740 ng/ml) . Three synthetic rat VGF 

10 peptides were used: Leu-Glu-Gly-Ser-28 (SEQ ID NO: 15) amino 
acids 285-312 (amidated) , Thr-Leu-Gln-Pro-62 (SEQ ID NO:14) 
amino acids 556-617 and Ala-Gln-Glu-Glu-30 (SEQ ID NO: 16) 
amino acids 588-617. Each data point represents a cell from 
a separate dish and at least three different platings were 

15 used for each condition. 
Example 3 : Data Analysis 

Data were analyzed by integrating the synaptic 
currents for each sweep (synaptic charge) . The charge 
measurements for all sweeps in a 1 min period were averaged 

20 (binned) . Baseline is considered the average synaptic 
charge during the 2 min period (-2 to 0 min) in NRS 
immediately prior to BDNF or VGF application. Fold 
increases were then determined by dividing the synaptic 
charge during BDNF or VGF exposure by the baseline. 

25 Recordings were rejected if either the 0-5 min binned time 
period or 5-10 min binned time period after switching 
during BDNF or VGF exposure was 2x SEM below baseline, 
indicating "run down" . 
Example 4 : Microarray 

30 Total cellular RNA was prepared from neuronal cultures 

treated with either BDNF (50 ng/ml) or vehicle (water) for 
either 20 min or 3 hr by the guanidine isothiocyanate 
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method and CsCl gradients (Thakker-Varia et al . , 2001). 
DNAse-treated total RNA was prepared from neurotrophin or 
control hippocampal cultures and reverse transcribed using 
gene specific primers. Radioactively labeled probes were 
5 then hybridized to Atlas Arrays Rat 1.2 (Clontech, Palo 
Alto, CA) according to manufacturer's protocol. Arrays were 
performed in duplicate with an independent source of RNA. 
The hybridization pattern was analyzed on a phosphor imager 
and normalized to the global hybridization signal. Analysis 
10 was performed by Clontech using 1.7-fold change as criteria 
for significance. All transcriptional changes were 
confirmed by real time RT-PCR on independent samples (see 
below) . 

Example 5: Real Time RT-PCR 

15 cDNA (100 /xl) was prepared from 2 /xg control or BDNF- 

treated RNA using random primers and Superscript II reverse 
transcriptase. 25 /zl PCR reactions were then carried out 
using gene specific primers designed by Primer Express 
software and TaqMan MGB probes (Applied Biosys terns 7000 

20 Sequence Detection System, Foster City, CA) . Duplicate 
wells were included for each condition and primer pair. 
Primers specific to the housekeeping gene, glyceraldehyde- 
3 -phosphate dehydrogenase {GAPDH) were used as an internal 
control. Data analysis was performed according to the 

25 protocol provided by Applied Biosystems . 
Example 6: Single-Sell a RNA Amplification 

Following whole-cell patch clamp recording for 
approximately 3 0 min, the cellular contents were aspirated 
into the patch pipette with a small amount of suction. cDNA 

3 0 synthesis was performed in vitro using the MessageAmp aRNA 
kit (Ambion, Austin, TX) . Two rounds of aRNA synthesis were 
performed resulting in a one million-fold amplification of 
the original material (Phillips and Eberwine, 1996) . 20 /zl 
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of cDNA was synthesized from all of the aRNA and 2 /xl was 
used as a template in real-time PCR for Arc and GAPDH gene 
expression as described above with the exception that 65 
amplification cycles were used. 
5 Example 7 : Pharmacological Treatments 

Hippocampal neurons were pre -incubated with inhibitors 
for 30 min prior to BDNF treatment (20 min for IEGs and 3 
hr for VGF) . All inhibitors were purchased from Calbiochem, 
San Diego, CA. K252a (200 nM) , U0126 (30 /xM) , PD98059 (50 
10 /ZM) , U73122 (10 fiM) , KN93 (10 flM) , LY294002 (30 /xM) , H-89 
(1 /iM) and chelerythrine chloride (CC, 1 /xM) . 
Pharmacological inhibitors were tested for efficacy by 
assaying downregulation of endogenous kinase 

phosphorylation in cell culture using Western blot (Y.Z. Du 
15 and C.F. Dreyfus, personal communication) . Each experiment 
consisted of 4 groups: vehicle, inhibitor alone, BDNF, and 
BDNF plus inhibitor. Following inhibitor and BDNF 
treatments, RNA was isolated and subjected to real time RT- 
PCR as described above. 
20 Example 8: SDS-PAGE and Western Blot Analysis 

BDNF -treated and untreated hippocampal neurons plated 
in equal numbers were solubilized in lysis buffer (20 mM 
Tris pH 8, 0.5% Triton X-100, 0.5% SDS, protease inhibitor 
tablet, 1 mM PMSF, and 0.5 mM vanadate). The protein 
25 content was determined with the BCA protein assay kit 
(Pierce Chemical Co, Rockford; IL) . Samples containing 
equal amounts of protein were denatured in Laemmli ! s sample 
buffer (containing &-mercaptoethanol) for 5 min and 
subjected to 8- 12% gradient SDS-PAGE (Suen et al . , 1997). 
30 The proteins were transferred to polyvinyl idene difluoride 
(PVDF) membranes (Millipore Corp, Bedford, MA) which were 
blocked for 1 hour with a 5% solution of dry milk powder 
plus 5% normal serum in 0.1% TWEEN 20-PBS. The PVDF 
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membranes were incubated with goat anti-R15 VGF (1:500) 
(Santa Cruz Biotechnology, Inc, Santa Cruz, CA) or goat 
anti-actin (1:500) (Santa Cruz) with 1% bovine serum 
albumin overnight at 4°C. Membranes were washed, followed 
5 by 1 h incubation with donkey anti-goat HRP- conjugated IgG 
(1:5000) at RT . The immunopositive bands were visualized by 
chemi luminescence using the ECL™ detection kit (NEN, 
Boston, MA) , quantitated on a BIO-RAD Gel Doc and 
normalized to act in. 

10 Example 9 : Immuno cytochemistry 

Cultures were fixed in 4% paraformaldehyde. A blocking 
step was carried out in 30% normal horse serum in PBS 
containing 0.3% Triton X-100. VGF antibody (R15) (1:100) 
(Santa Cruz) was applied overnight at 4oC. Cultures "were 

15 incubated for 1 hr at room temperature with Alexa Flour 594 
donkey anti-goat secondary (1:500) (Molecular Probe, 
Eugene, OR) and visualized on a Leica fluorescent 
microscope (DMIRB) . 

Example 10 : Trace Eyeblink Conditioning 

20 Classical eyeblink conditioning methods followed 

published procedures (Donahue et al . , 2002; Leuner et al . , 
2003) . Generally, an auditory stimulus is associated with 
stimulation to the eyelid. After .repeated pairings, the 
animals respond to the auditory stimulus in anticipation of 

25 the eyelid stimulation. When a temporal gap is placed 
between the auditory stimulus and the eyelid stimulation, 
learning becomes hippocampal- dependent (Beylin et al . , 
2001) . Specifically, groups of rats were exposed to 200 
trials per day for 4 days for a total of 800 trials. The 

30 rats were trained with a trace paradigm in which a 250-ms 
82-dB burst of white noise (CS) was separated from a loo- 
ms, 0.7-mA periorbital shock (US) by a 500-ms trace 
interval. The intertrial interval was 25 ±5 s. During 



WO 2004/041778 



'CT/US2003/034777 



-47- 



unpaired training, rats received the same number of CS and 
US exposures, but presented in an explicitly unpaired 
manner. Naive rats did not receive stimulus exposure. Rats 
were anesthetized with Nembutal (50 mg/kg) and decapitated 
5 immediately after training. The hippocampus was dissected 
and frozen on dry ice. RNA was prepared from the tissue and 
subjected to real time RT-PCR as described above. 
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What is claimed is: 

1. A method for modulating synaptic growth or 
plasticity comprising increasing the expression of a BNDF- 

5 inducible nucleic acid sequence or activity of a protein 
encoded thereby, so that synaptic growth or plasticity is 
stimulated. 

2. The method of claim 1 wherein the nucleic acid 
10 sequence which is inducible by BDNF comprises c-fos proto- 

oncogene (SEQ ID NO:l); early growth response protein 1 
(SEQ ID NO: 2) ; activity- regulated cytoskeletal associated 
(SEQ ID NO:3); fos-related antigen 2 (SEQ ID NO:4) ; Gl/S- 
specific cyclin Dl (SEQ ID NO:5); voltage-gated potassium 

15 channel protein (SEQ ID NO: 6); sodium channel, beta 1 
subunit (SEQ ID NO: 7); secretogranin II precursor (SEQ ID 
NO: 8); somatostatin receptor 4 (SEQ ID NO: 9); transmembrane 
receptor UNC5 homology (SEQ ID NO: 10); neuropeptide Y (SEQ 
ID NO: 11); VGF protein precursor (SEQ ID N0:12); or 

20 protein-tyrosine phosphatase IB (SEQ ID NO:13). 

3 . A method for identifying an agent which increases 
synaptic growth or plasticity comprising contacting a test 
cell with an agent and detecting activation of: 
25 c-fos proto- oncogene (SEQ ID NO:l); 

early growth response protein 1 (SEQ ID NO:2) ; 
activity-regulated cytoskeletal associated (SEQ ID 
NO: 3) ; 

fos-related antigen 2 (SEQ ID NO: 4) ; 
30 Gl/S-specif ic cyclin Dl (SEQ ID NO:5) ; 

voltage-gated potassium channel protein (SEQ ID NO:6); 
sodium channel, beta 1 subunit (SEQ ID NO: 7); 
secretogranin II precursor (SEQ ID NO: 8); 
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somatostatin receptor 4 (SEQ ID NO:9); 

transmembrane receptor UNC5 homology (SEQ ID NO: 10); 

neuropeptide Y (SEQ ID NO:ll); 

VGF protein precursor (SEQ ID NO: 12); or 
5 protein- tyrosine phosphatase IB (SEQ ID NO: 13) 

nucleic acid sequences in the test cell wherein an increase 
in the activation of said nucleic acid sequences in the 
test cell contacted with the agent relative to the 
activation of said nucleic acid sequences in a test cell 
10 not contacted with the agent is indicative that said agent 
increases synaptic growth or plasticity. 

4. A method for treating a disease or condition 
associated with damaged or diseased synapses comprising 
15 administering an effective amount of an agent identified by 
the method of claim 3 . 
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SEQUENCE LISTING 

<110> University of Medicine and Dentistry of New Jersey 
Black, Ira B. 

<120> A METHOD FOR INCREASING SYNAPTIC GROWTH OR PLASTICITY 

<130> UMD-0016 

<150> US 60/422,986 
<151> 2002-11-01 

<160> 16 

<170> Patentln version 3.1 

<210> 1 

<211> 2116 

<212> DNA 

<213> Rattus rattus 



<400> 1 



cgcaactgag 


aagactggat 


agagccggcg 


gagccgcgaa 


cgagcagtga 


ccgcgctccc 


60 


acccagctct 


gctctgcagc 


tcccaccagt 


gtctacccct 


ggacccctcg 


ccgagctttg 


120 


cccaaaccac 


gaccatgatg 


ttctcgggtt 


tcaacgcgga 


ctacgaggcg 


tcatcctccc 


180 


gctgcagtag 


cgcctccccg 


gccggggaca 


gcctttccta 


ctaccattcc 


ccagccgact 


240 


ccttctccag 


catgggctcc 


cctgtcaaca 


cacaggactt 


ttgcgcagat 


ctgtccgtct 


300 


ctagtgccaa 


ctttatcccc 


acggtgacag 


ccatctccac 


cagcccagac 


ctgcagtggc 


360 


tggtgcagcc 


cactctggtc 


tcctccgtgg 


ccccatcgca 


gaccagagcg 


ccccatcctt 


420 


acggactccc 


caccccgtcg 


accggggctt 


acgccagagc 


gggagtggtg 


aagaccatgt 


480 


caggcggcag 


agcgcagagc 


atcggcagaa 


ggggcaaagt 


agagcagcta 


tctcctgaag 


540 


aggaagagaa 


acggagaatc 


cgaagggaaa 


ggaataagat 


ggctgcagcc 


aagtgccgga 


600 


atcggaggag 


ggagctgaca 


gatacgctcc 


aagcggagac 


agatcaactt 


gaagacgaga 


660 


agtctgcgtt 


gcagaccgag 


attgccaatc 


tactgaaaga 


gaaggaaaaa 


ctggagttta 


720 


ttttggcagc 


ccaccgacct 


gcctgcaaga 


tccccaatga 


cctgggcttc 


ccagaggaga 


780 


tgtctgtgac 


ctccctggac 


ttgactgggg 


gtctgcctga 


ggctaccacc 


ccagagtctg 


840 


aggaggcctt 


caccctgcct 


cttctcaatg 


accctgagcc 


caagccatcc 


ttggagccgg 


900 


tcaagaacat 


tagcaacatg 


gagctgaagg 


ctgaaccctt 


tgatgacttc 


ttgtttccgg 


960 


catcatctag 


gcccagtggc 


tcggagactg 


cccgctctgt 


gccagatgtg 


gacctgtctg 


1020 


gttccttcta 


tgcagcagac 


tgggagcctc 


tgcacagcag 


ttccctgggg 


atggggccca 


1080 
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2 



tggtcacaga 


gctggagccc 


ctgtgcactc 


ccgttgtcac 


ctgcactccc 


agctgcacta 


1140 


cctatacgtc 


ttcctttgtc 


ttcacctacc 


ccgaggctga 


ctccttccct 


agctgcgcag 


1200 


ctgcccaccg 


aaagggcagc 


agcagcaacg 


agccctcctc 


tgactcactg 


agctcgccca 


1260 


cactgctagc 


cctgtgagca 


gtcagagaag 


gcagggcagc 


cggcactgac 


tgagctggtg 


1320 


cattacagag 


aggagaaaca 


cgtcttccct 


cgaggggttc 


ccgtagacct 


agggaggacc 


1380 


ttatctgtgc 


gtgaaacaca 


ccaagctgtg 


gacctcaagg 


acttgaaagc 


atccacatct 


1440 


ggactccagt 


cctcacctct 


tccggagatg 


tagcaaaaaa 


acaaaaaaac 


aaaacaaaaa 


1500 


aaaaacaaaa 


caaaaaatca 


aaagcaaccg 


catggagtgt 


attgtttgta 


gtgacacctg 


1560 


agagctggta 


gttagtagca 


tgtgagccag 


gcctgggtct 


gtgtctcttt 


tctctttctc 


1620 


cttagtcttc 


tcatagcatt 


aactaatctg 


ttgggttcat 


tattggaatt 


aacctggtgc 


1680 


tggatatttt 


tcggattgta 


tctagtgcag 


ctgattttaa 


caatacctac 


tgtgttcctg 


1740 


gcaatagtgt 


gttccaattt 


agaaatgacc 


aatattaaac taagaaaaga 


tagaacttta 


1800 


ttttccggta 


gatagaaata 


aatcgctata 


tccacgtact 


gtagctcttc 


agcgtccatg 


1860 


ttcattgtca 


tgtaactgat 


catgcattgt 


tgaggtggtc 


tgaatgttct 


gacattaaca 


1920 


gttttccatg 


aaaacgtttt 


attgtgtttt 


caatttattt 


attaagatgg 


attctcagat 


1980 


atttatattt 


ttattttatt 


tttttctatc 


ctgaggtctt 


tcgacatgtg 


gaaagtgaat 


2040 


ttgaatgaaa 


aaattttaag 


cattgtttgc 


ttattgttcc 


aagacattgt 


caataaaagc 


2100 


atttaagttg 


aatgcg 










2116 



<210> 2 
<211> 3112 
<212> DNA 

<213> Rattus norvegicus 
<400> 2 

cgcagaactt ggggagccgc cgccgcgatt cgccgccgcc gccagcttcc gccgccgcaa 60 
gatcggcccc tgccccagcc tccgcggcag ccctgcgtcc accacgggcc gcggccaccg 120 
ccagcctggg ggcccaccta cactccccgc agtgtgcccc tgcaccccgc atgtaacccg 180 
gccaacatcc ggcgagtgtg ccctcagtag cttcggcccc gggctgcgcc caccacccaa 240 
catcagctct ccagctcgca cgtccgggat ggcagcggcc aaggccgaga tgcaattgat 300 
gtctccgctg cagatctctg acccgttcgg ctcctttcct cactcaccca ccatggacaa 360 
ctaccccaaa ctggaggaga tgatgctgct gagcaacggg gctccccagt tcctcggtgc 420 
tgccggaacc ccagagggca gcggcggcaa taacagcagc agcagcagca gcagcagcag 480 
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cgggggcggt 


ggtgggggcg 


gcagcaacag 


cggcagcagc 


gctttcaatc 


ctcaagggga 


540 


gccgagcgaa 


caaccctacg 


agcacctgac 


cacagagtcc 


ttttctgaca 


tcgctctgaa 


600 


taacgagaag 


gcgctggtgg 


agacaagtta 


tcccagccaa 


actacccggt 


tgcctcccat 


660 


cacctatact 


ggccgcttct 


ccctggagcc 


tgcacccaac 


agtggcaaca 


ctttgtggcc 


720 


tgaacccctt 


ttcagcctag 


tcagtggcct 


tgtgagcatg 


accaaccctc 


caacctcttc 


780 


atcctcagcg 


ccttctccag 


ctgcttcatc 


gtcttcctct 


gcctcccaga 


gcccacccct 


840 


gagctgtgcc 


gtgccgtcca 


acgacagcag 


tcccatttac 


tcagctgcac 


ccacctttcc 


900 


tactcccaac 


actgacattt 


ttcctgagcc 


ccaaagccag 


gcctttcctg 


gctctgcagg 


960 


cacagccttg 


cagtacccgc 


ctcctgccta 


ccctgccacc 


aagggtggtt 


tccaggttcc 


1020 


catgatccct 


gactatctgt 


ttccacaaca 


acagggagac 


ctgagcctgg 


gcaccccaga 


1080 


ccagaagccc 


ttccagggtc 


tggagaaccg 


tacccagcag 


ccttcgctca 


ctccactatc 


1140 


cactatcaaa gccttcgcca ctcagtcggg ctcccaggac ttaaaggctc ttaataacac 


1266* 


ctaccagtcc 


caactcatca 


aacccagccg 


catgcgcaag 


taccccaacc 


ggcccagcaa 


1260 


gacacccccc 


catgaacgcc 


cgtatgcttg 


ccctgttgag 


tcctgcgatc 


gccgcttttc 


1320 


tcgctcggat 


gagcttacac gccacatccg 


catccataca 


ggccagaagc 


ccttccagtg 


1380 


tcgaatctgc 


atgcgtaatt 


tcagtcgtag 


tgaccacctt 


accacccaca 


tccgcaccca 


1440 


cacaggcgag 


aagccttttg 


cctgtgacat 


ttgtgggaga 


aagtttgcca 


ggagtgatga 


1500 


acgcaagagg 


cataccaaaa 


tccacttaag 


acagaaggac 


aagaaagcag 


acaaaagtgt 


1560 


cgtggcctcc 


tcagctgcct 


cttccctctc 


ttcctaccca 


tccccagtgg 


ctacctccta 


1620 


cccatccccc 


gccaccacct 


catttccatc 


cccagtgccc 


acctcttact 


cctctccggg 


1680 


ctcctctacc 


tacccgtctc 


ctgcacacag 


tggcttccca 


tcgccctcgg 


tggccaccac 


1740 


ctatgcctcc 


gtcccacctg 


ctttccctgc 


ccaggtcagc 


accttccagt 


ctgcaggggt 


1800 


cagcaactcc 


ttcagcacct 


caacgggtct 


ttcagacatg 


acagcaacct 


tttctcctag 


1860 


gacaattgaa 


atttgctaaa 


gggaatgaaa 


gagagcaaag 


ggaggggagc 


gcgagagaca 


1920 


ataaaggaca 


ggagggaaga 


aatggcccgc 


aagaggggct 


gcctcttagg 


tcagatggaa 


1980 


gatctcagag 


ccaagtcctt 


ctagtcagta 


gaaggcccgt 


tggccaccag 


ccctttcact 


2040 


tagcgtccct 


gccctcccca 


gtcccggtcc 


ttttgacttc 


agctgcctga 


aacagccacg 


2100 


tccaagttct 


tcacctctat 


ccaaaggact 


tgatttgcat 


ggtattggat aaaccatttc 


2160 


agcatcatct 


ccaccacatg 


cctggccctt 


gctcccttca 


gcactagaac 


atcaagttgg 


2220 
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ctgaaaaaaa 


aaatgggtct 


gggccctcag 


aaccctgccc 


tgtatctttg 


tacagcatct 


2280 


gtgccatgga 


ttttgttttc 


cttggggtat 


tcttgatgtg 


aagataattt 


gcatactcta 


2340 


ttgtactatt 


tggagttaaa 


ttctcacttt 


gggggagggg 


gagcaaagcc 


aagcaaacca 


2400 


atggtgatcc 


tctattttgt 


gatgatcctg 


ctgtgacatt 


aggtttgaaa 


cttttttttt 


2460 


tttttgaagc 


agcagtccta 


ggtattaact 


ggagcatgtg 


tcagagtgtt 


gttccgttaa 


2520 


ttttgtaaat 


actgctcgac 


tgtaactctc 


acatgtgaca 


aaatacggtt 


tgtttggttg 


2580 


ggttttttgt 


tgtttttgaa 


aaaaaaattt 


tttttttgcc 


cgtccctttg 


gtttcaaaag 


2640 


tttcacgtct 


tggtgccttt 


gtgtgacaca 


ccttgccgat 


ggctggacat 


gtgcaatcgt 


2700 


gaggggacac 


gctcacctct 


agccttaagg 


gggtaggagt 


gatgtttcag 


gggaggcttt 


2760 


agagcacgat 


gaggaagagg 


gctgagctga 


gctttggttc 


tccagaatgt 


aagaagaaaa 


2820 


atttaaaaca 


aaaatctgaa 


ctctcaaaag 


tctatttttt 


taactgaaaa 


tgtagattta 


2880 


tccatgttcg 


ggagttggaa 


tgctgcggtt acctactgag" 


taggcggtga 


cttt'tgtatg 


2940""" 


ctatgaacat 


gaagttcatt 


attttgtggt 


tttattttac 


ttcgtacttg 


tgtttgctta 


3000 


aacaaagtga 


cttgtttggc 


ttataaacac 


attgaatgcg 


ctttactgcc 


catgggatat 


3060 


gtggtgtgta 


tccttcagaa 


aaattaaaag 


gaaaataaag 


aaactaactg 


gt 


3112 


<210> 3 
<211> 3032 
<212> DNA 

<213> Rattus norvegicus 










<400> 3 
agtgctctgg 


cgagtagtcc 


tccctcagcc 


gcagtctctg 


ggcctcttca 


gcttgagcgg 


60 


cggcgagcct 


gccacactcg 


ctaagctcct 


ccggcaccgc 


gcacttgcca 


ctgccactgc 


120 


cgcttcgcgc 


ccgctgcagc 


cgccggctct 


gaatccttct 


ggcttccgcc 


tcagaggagt 


180 


tcttagcctg 


tcccgaaccg 


taaccccggc 


gagcagatgg 


agctggacca 


tatgacgacc 


240 


ggcggcctcc 


acgcctaccc 


tgccccgcgg 


ggtgggccgg 


ccgccaaacc 


caatgtgatc 


300 


ctgcagattg 


gtaagtgccg 


agctgagatg 


ctggagcacg 


taccrcracrcrac 


ccaccggcat 


360 


ctgttgaccg 


aagtgtccaa 


gcaggtggag 


cgagagctga 


aagggttgca 


caggtcggtg 


420 


ggcaagctgg 


agaacaactt ggacggctat 


gtgcccacgg 


gcgactcaca 


gcgctggaag 


480 


aagtccatca 


aggcctgtct 


ctgccgctgc 


caggagacca 


tcgccaacct 


ggagcgctgg 


540 


gtcaagcgtg 


agatgcacgt 


gtggagggag 


gtcttctacc 


gtctggagag 


gtgggccgac 


600 


cgcctggagt 


ccatgggcgg 


caagtaccca 


gtgggcagcg 


agccggcccg 


ccacactgtc 


660 
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tctgtaggtg 


tggggggtcc 


agagccctac 


tgccaggaag 


ctgatggcta 


cgactacact 


720 


gttagcccct 


atgccatcac 


cccgccacct 


gccgcaggag 


agctgcctga 


gcaggagtca 


780 


gttggggctc 


agcaatacca 


gtcttgggtg 


ccaggtgagg 


atgggcaacc 


aagcccaggt 


840 


ctggataccc 


agatctttga 


ggacccacgg 


gagttcctga 


gccacctgga 


agagtacctg 


900 


cggcaggtgg 


gtggctctga 


agaatattgg 


ctgtcccaga 


tccagaacca 


catgaatggg 


960 


ccagccaaga 


agtggtggga 


gttcaaacag 


ggctcggtga 


agaactgggt 


ggagttcaag 


1020 


aaggagtttc 


tgcagtacag 


tgagggtacg 


ctctcccgcg 


aagccattca 


gcgggagctg 


1080 


gacctgccac 


agaagcaggg 


tgagccactt 


gaccagttcc 


tctggcgtaa 


gcgggacctg 


1140 


taccagacac 


tgtatgtgga 


cgctgaggag 


gaggagatca 


ttcagtatgt 


ggtgggcacc 


1200 


ctgcagccca 


agttcaagcg 


ctttctgcgc 


cacccacttc 


ccaagaccct 


ggagcagctc 


1260 


atccagaggg 


gcatggaagt 


tcaggacggc 


ctggagcagg 


cagctgagcc 


ttctgtcacc 


1320 


cctctgccca 


cagaggatga 


gactgaggca 


ctcacgcctg 


ctcttaccag* 


cgagtcagta 


1380 


gccagtgaca 


ggacccagcc 


tgaatagagg 


ggccagccca 


gggtccccag 


cctgcctgcc 


1440 


acacccagtc 


tgtggctttt 


gtcaactagg 


acttgattga 


gctggggctg 


acacccaagg 


1500 


ggatgccctg 


tccagccaga 


caccttctca 


cccactggcc 


tgactcacaa 


ctgccacaca 


1560 


accatgattc 


atggacatca 


agaagcccct 


ctcccatagg 


gctcccacct 


gccacctacc 


1620 


cctcacctgt 


ctgccctagt 


cctggccctg 


tctccagtgg 


cctcaccctc 


tacactctca 


1680 


gaccatcaca 


gaacaccttt 


ggcttcctca 


ttctgcatca 


gtgtccaggg 


ccctttgggt 


1740 


agtcaagaaa 


tcaagtgtct 


gaaaggcaat 


gaaaagtagg 


caccaaaccc 


aaggggcatc 


1800 


ccagggcaga 


tgctaaagca 


gaatcagaga 


tggccgaagg 


aacctctact 


tccggggatg 


1860 


cagcccgctc 


ctacagacac 


agcagatcca 


gctggtgccc 


tacctgcctc 


ccagagcaac 


1920 


tggccagtct 


tgggcagcat 


agctcccctc 


tcagggtgag 


ctgaagcagc 


agacctgacg 


1980 


cgctggcgcc 


tcctggcccc 


cagcagtgat 


tcataccagt 


gaagaaaagc 


agacttcggc 


2040 


tccatgactc 


agccatgcca 


ggcggagggt 


cccaaacrcracf 


ctgagtcctc 


agccccagct 


2100 


gaggcagcag 


ctggagtctt 


cagagccagg 


tgaatgacac 


caggtctcaa 


gctgctgaga 


2160 


agtctttccg 


gccatgtctg 


gaaggggtac 


caccccagca 


ccagcaccgt 


cccctcctct 


2220 


cttgaagctg 


cctgcacaga 


ggttccaaga 


cactttcaag 


gcagagaaaa 


taggattaca 


2280 


aagaggaggt 


gccttggcag agggcagcac 


ccagctcagc 


ctcagagctg 


aaggtgaaga 


2340 


caagccagcg 


tgaaaccccg 


ggtctgccac 


gaatgcccgc 


tccgctggcc 


actcaccagc 


2400 
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tgcctgccac 


aagccactgc 


agcttgagca 


gggtctgtgc 


cctctcagca 


cagagcccag 


2460 


ttcgctgcgt 


ggcctttggc 


ccccgccaga 


accttgcagg agccttaagg 


ttcgggccct 


2520 


agcccagcct 


gaccttacct 


gctgtgccct 


gcctgctggt 


caagtccagt 


cccaggagac 


2580 


cccatgcctt 


ggctcctagg 


ctgttccagg 


cacttccctg acctgccggg 


tgattgccca 


2640 


gctggaacct 


catccacacc 


ccagcaccaa 


ccacctcgtg 


ttggtaactg 


ctcgtgtctg 


2700 


tagtctgagt 


aggccatgtt 


gaggttcctc 


catctgcctg gtccattggt 


gttctgagac 


2760 


cagttccact 


gctgttctga 


cagatccccc 


a pi* Pff - cx f~* 


/~i 4-* fY r** zi rx e~* 


cccacaggtt 


2820 


tatttttgca 


cataaaccat 


gacccatact 


aat"f~t"f*ffTP , +~a 


/~T p» 4™ /■"•> i - rr st rt ft a 
y ll. uy yy y a 


ctagggagac 


2880 


cctggagatc 


tcaagagtgt 


ggctatcccc 


La L L L LUaLL. 


aoyuU LLL-ad. 


tatccagcca 


2940 


ggccatctgg 


cccacaccat 


cttacctcaa 


a /ra r~»a rra paf 


af n+- =>1*a. faf 
a La La La L a L 


atacatatat 


3000 


atgattttgt 


taataaaact 


atgaaattta 


aa 






3032 


<210> 4 
<211> 984 
<212> DNA 

<213> Rattus norvegicus 










<400> 4 
atgtaccagg 


attatcccgg 


gaactttgac 


acctcgtccc 


ggggcagcag 


tggctctcct 


60 


gcgcacgccg 


agtcctactc 


cagcggtggc 


ggcggccagc 


agaagttccg 


ggtagatatg 


120 


cctggctcag 


gcagtgcctt 


catccccaca 


atcaacgcca 


tcaccaccac 


cagccaggac 


180 


ctgcagtgga 


tggtacagcc 


cacagtgatt 


acctccatgt 


ccaaccccta 


tccgcgctcg 


240 


cacccctaca 


gccccctgcc 


aggcttgcga 


tcagtccctg 


ggcacatggc 


tctccccaga 


300 


ccaggagtga 


tcaagaccat 


tggtaccacc 


gtgggccgca 


gaaggagaga 


tgagcagctg 


360 


tctcccgaag 


aggaggagaa 


gcgtcgaatc 


cggcgagaga gaaacaagct 


ggccgctgcc 


420 


aagtgtcgga 


accgtcgacg 


tgagctgacg 


gagaagctgc 


agacggagac 


agaggagctg 


480 


gaggaggaga 


agtccggtct 


gcagaaagaa 


atcgctgagc 


tgcagaagga 


gaaggagaag 


540 


ctggagttca 


tgctggtggc 


tcacggccct 


gtgtgcaaaa 


tcagtcctga 


ggaacgccga 


600 


tcttccccca 


cctccggggt 


acagtcctta 


cgcggtacgg gcagtgctgt 


cggccctgtg 


660 


gtggtgaaac 


aggagcctcc 


tgaagaggac 


agcccctctt 


cctcagcagg 


gatggacaag 


720 


acccagcgct 


ctgtcatcaa 


gcccattagc 


attgctgggg gtggtttcta 


cggggaagag 


780 


cctctgcaca 


cccccatcgt 


ggtgacctcc 


acacctgcca 


tcactccggg 


cacttcaaac 


840 


cttgtcttca 


cctaccccag 


tgtcctggag 


caggagtcgc 


ctgcgtcgcc 


ctccgagtcc 


900 
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tgttccaagg ctcaccgcag aagcagtagc agtggggacc agtcatcaga ctccttgaac 
tcccccactc tgctggctct gtaa 

<210> 5 

<211> 3751 

<212> DNA 

<213> Rattus norvegicus 

<400> 5 



agaaagagag 


ctacagactc 


cgcgcgctcc 


ggaagaccgg gtcgtagagc 


tcgagacaac 


tcccgccagc 


agcaagacac 


gggagaccca 


accaggatga 


caaccctccc 


caggccgccc 


gctccatgga 


acaccagctc 


ctgtgctgcg 


aagtggagac 


catccgccgc 


gcgtaccctg 


acaccaatct 


cctcaaccga 


ccgggtctgc 


gagccatgct 


taagactgag 


gagacctgcg 


cgccctccgt 


ttcttacttc 


aagtgcgtgc 


agagggagat 


tgtgccatcc 


atgcggaaaa 


tcgtggccac 


ctggatgcta 


gaggtctgcg 


aggagcagaa gtgcgaagag 


gaggtcttcc 


cgctggccat 


gaactacctg 


gaccgtttct 


tgtctctgga 


gcccctgaag 


aagagccgcc 


tgcagcttct 


gggggccacc 


tgcatgttcg 


tggcctctaa 


gatgaaggag 


accattcccc 


tgactgccga 


gaagttgtgc 


atctacactg 


acaactctat 


ccgccccgag 


gagttgctgc 


aaatggaact 


gcttctggtg 


aacaagctca 


aatggaacct 


ggccgccatg 


actccccacg 


atttcatcga 


acacttcctc 


tccaaaatgc 


cagaggcgga 


tgagaacaag 


cagatcatcc 


gcaaacatgc 


acagaccttt 


gtggccctct 


gtgccacaga 


tgtgaagttc 


atttccaacc 


caccctccat 


ggtggctgct 


gggagtgtgg 


tggccgcgat 


gcagggcctg 


aacctgggca 


gccccaacaa 


cttcctctcc 


tgctaccgca 


caacgcactt 


tctttccaga 


gtcatcaagt 


gtgacccgga 


ctgcctccgt 


gcctgccagg 


aacagattga 


agcccttctg 


gagtcaagcc 


tgcgccaggc 


ccagcagaac 


atcgatccca 


aggccaccga 


ggaggaaggg 


gaagtggagg 


aagaagctgg 


tctggcttgc 


acacccaccg 


acgtccgaga 


tgtggacatc 


tgagggccca 


ccgggcaggc 


gggagtcacc 


aagtagtggc 


atccgcgaag 


agaaaggagc 


cagcccgggt 


gctcctgacg 


aggtccccct 


tggggatgtg 


ttgttaccag 


aaggggaagt 


tttgttctct 


ttgttggttg 


tttttcctta 


atctttctcc 


tttctatctg 


atttaagcaa 


aagagaaaaa 


aatacctgaa 


agctgtctta 


aagagagaga 


gagagataga 


attcgcatca 


ccctgagtat 


agggagacgg 


gggggtgcct 


acaaaaatag 


aattctgtac 


cccagtaatc 


aactagtttt 


ctattaatgt 


gcttgtctgt 


tctaagaata 


ggattaacac 


acaggaagtc 


ttgagaagga 


tttttgattc 


ttttatgtgt 


ttaagaaaaa 


aaagcttaag 


aaacattgct 


ttaaaaaaag 



960 
984 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
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aaggaaaaaa 


aatacagcaa 


accattgtta 


aagtagaagg 


gttttaggta 


gagaaatgta 


1500 


ctctgctttg 


gtgaaaaggc 


acagatttgg gaaggtcctc 


aacctcactc 


ccctgcttgt 


1560 


tcagtgccta 


cagacctgtt 


acctgatgat 


acctgtgctt 


tatcccagga 


gtggggcaga 


1620 


cctcttaacc 


ttactgatgg 


tcgattcgac 


ctctagcggg 


ctcgtgggtg 


tggcaacctc 


1680 


cagggctcat 


gttatgggcc 


ctctgccccc 


cacaacctgc 


aggttcacag 


agcgccagcc 


1740 


agcacgcagg 


ggtagggatg 


aaatagtgac 


ataatatatt 


ctatttttgg 


ggaaccttcc 


1800 


tgttttgggg 


gttcctgttt 


agagagatgc 


tggtttttgg 


ctggtggccc 


tgcagcccac 


1860 


tcaacatcag 


gttgaaccca 


cagcttttct 


tttgtgtgtg 


gtttgttttg 


ttatgttttt 


1920 


ccttctccat 


gttcccaaaa 


ccattccatt 


tcaaagcact 


tttggtcagc 


tagctggagg 


1980 


cagtgttgct 


gggtgtgtgt 


gtgtgtgtgt gtgtgtgtgt 


gtgtgtgtgt 


gtgtgtcggt 


2040 


gggggagggg 


gtctagtgga 


atggttgggg 


atgtccacac 


actcaattct 


gatggctgca 


2100 


cagcaggtgt 


gtagggctgg 


tagcatgagg tgcttgggaa 


gttgtgttgg 


gtcgagaaga 


"2 160 


gaaagctctg 


ttctcgtacc 


accgggatct 


tcctgcaaag 


tcggagggat 


cttttggtgc 


2220 


cagctggcgt 


ttggaagtag 


ggaccgtgat ggcattacct 


ggacaagggg 


attcaggacg 


2280 


actcttaagt 


ctttcacaca 


ggaggctttt 


aaacactaaa 


atctctaatt 


tatacgtaag 


2340 


gctacagaag 


agtatttatt 


gggaaggttg 


cccatgaccc 


gtgtgactca 


aagcaatgtg 


2400 


atcttccctt 


gattcaaacg 


cacaccttct 


tccctgctgg 


cgaaggtttt 


aggccattgt 


2460 


ctgagagact 


ggtcttttat 


tggccaagtg 


gggtgtcctc 


caaaaaaacc 


aaaccacaaa 


2520 


gacggagatg 


tgggtctcct 


tgactttccc 


aacccaattg 


cccccattgg 


agagccatcc 


2580 


aaacctgagg 


aaaattaggg 


gaccccaaaa 


gagtcttgag 


tctggcacat 


tcttgccgcc 


2640 


gctcccaagt 


tagcaacagt 


aggtaatttg cacacctctg 


gctctgtgcc 


tttctgttca 


2700 


ggatgtgttg 


gtgggaggtg 


gagagcgggt 


ggctggagag 


gggatgtgag 


agaagaagta 


2760 


tggagggtag 


ggaccacacg 


ggacagaccg 


cggctccttt 


cacagcgctg 


ctaccaatga 


2820 


Ltuuuayya l. 




cggaaccaga 


ttcacgttgc 


+- t- 1" n f- a +■ r> +- *- 




^ 0 0 \j 


ttcgctgcta 


ttggagggtc 


agttttattt 


tgttgttgtt 


ggtttgtttg 


ttttttttta 


2940 


caatgtcata 


aactgccatg 


ttcaagtttt 


aatttcctcg 


tagaagagtg 


tatttacaga 


3000 


tgccctctcc 


gggacttttt 


ctatttattg 


tgattcaatt 


ttggattaat 


gtgattaccg 


3060 


ctgtattccc 


aacaaaaggt 


gttttccaca 


cacacacaca 


cacacacaca 


cacacacaca 


3120 


cacacacaca 


ggttcctgta 


cacaatacct 


catgtatcac 


ctaacaatac 


ataggcctgc 


3180 
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caggcgggtg 


gggcggtctg 


cctccaggga 


ccctgggacc 


ctgctgggga 


tcatcctgtc 


3240 


atgctgggcc 


ttcatttgat 


ctgggacata 


gcatcacagc 


agtcaggcca 


actgtgttct 


3300 


gttagttatc 


aatattgtta 


cttgtagcgg 


cctgttgtgc 


atgccaccat 


gctgctggac 


3360 


ccggagagat 


ttgttctgag 


tctctggtgc 


atcatataat 


ctgttaggtt 


ctagtgttct 


3420 


gtcttgtttt 


gtgttactca 


cagcattgtg 


ctaatgtaaa 


gccagccgca 


atgctgtagg 


3480 


ccccaggttc 


cctagcaagc 


tgccaaacca 


aaagggtcac 


caccagctta 


gctgaggcgt 


3540 


cccaaccagg 


caggaccctt 


gagggctgct 


gtgtccatgg 


tgatggggtg 


aagttttggc 


3600 


caaagggcca 


aaggctggtg 


gatccacaca 


gtctgccctg 


tgacatgaat 


ggctttgagg 


3660 


ggctctggct 


ggtggtcagg 


ttggctttgt 


gtattctggt 


tgacacacca 


tggcgcttcc 


3720 


cagcacagac 


atgtgaccag 


catggtccag 


g 






3751 


<210> .6... 
<211> 1746 
<212> DNA 

<213> Rattus norvegicus 










<400> 6 
tcctggcctc 


ctacccctgc 


accctgcatc 


catcatgacg 


gtgatgtcag gggagaatgc 


60 


agacgaggct 


tcggccgctc 


caggtcaccc 


ccaggatggc 


agctacccaa 


ggcaggcgga 


120 


ccacgacgac 


cacgaatgct 


gcgagcgcgt 


ggtgatcaac 


atctccgggc 


tgcgcttcga 


180 


gacgcagctc 


aagactctgg 


cccagttccc 


caacacgctg 


ctgggcaacc 


cgaagaaacg 


240 


catgcgctac 


tttgaccctc 


tgaggaatga 


gtacttcttt 


gaccgcaacc 


ggcccagctt 


300 


cgatgccatc 


ctttattact 


accagtcggg 


ggggcgcctg 


cgcaggccgg 


tcaacgtgcc 


360 


cctggacatg 


ttctccgagg 


agattaaatt 


ttacgagttg 


ggcgaggagg 


ccatggagaa 


420 


gttccgggaa 


gatgagggct 


tcatcaagga 


agaggagcgc 


cccctacccg agaaggagta 


480 


ccagcgccag 


gtgtggctgc 


tctttgagta 


tccggagagc 


tcaggacctg cacgggttat 


540 


tgccattgta 


tccgtcatgg 


tcatcctcat 


ctccatagtc 


atcttttgcc 


tggagactct 


600 


ccctgagctg 


aaggatgaca 


aggacttcac 




caccgcatcg ataacaccac 


660 
owu 


agtcatctac 


acttctaaca 


tcttcacaga 


ccctttcttc 


attgtggaaa 


ccttgtgtat 


720 


catctggttc 


tcttttgagc 


tggtggtgcg 


cttcttcgcc 


tgccccagca agacagactt 


780 


ctttaagaac 


atcatgaact 


tcatcgacat 


tgtggccatc 


atcccttatt 


tcattaccct 


840 


gggcacagag 


atagctgagc 


aggaggggaa 


tcagaagggc 


gagcaggcca 


cttccctggc 


900 


catcctcagg 


gtcatccgct 


tggtaagggt 


gttcagaatc 


ttcaaactct 


cccgccactc 


960 
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caagggcctt 


cagatcctgg 


gccagaccct 


caaagctagt 


atgagggagt 


tagggctgct 


1020 


catctttttc 


ctcttcattg 


gcgtcatact 


gttttctagt 


gcagtgtact 


ttgcggaggc 


1080 


ggaagaagct 


gagtcgcact 


tctccagtat 


ccccgatgct 


ttctggtggg 


cggtggtgtc 


1140 


catgaccact 


gtgggatacg 


gtgacatgta 


ccctgtgaca 


attggaggca 


agatcgtggg 


1200 


ctccttgtgt 


gccatcgctg 


gtgtgctgac 


aattgccctg 


cccgtacctg 


tcattgtgtc 


1260 


caatttcaac 


tatttctacc 


accgagaaac 


tgagggggaa 


gagcaggctc 


agttgctcca 


1320 


tgttagttct 


cctaacttag 


cctctgacag 


tgacctcagc 


cgccgcagct 


cctctactat 


1380 


cagcaagtct 


gagtacatgg 


agatcgaaga 


ggacatgaac 


aatagcatag 


cccactacag 


1440 


gcaggctaat 


atcagaactg 


gtaactgcac 


cgcaactgat 


caaaactgcg 


ttaataagag 


1500 


caagctcctg 


accgatgttt 


aaaaaaagca 


ccaggcaagc 


aatcaaaagc 


ccccaaacaa 


1560 


aacccttggc 


gactcctgtc 


ccactctgta 


gatactttac 


taaaaccgta 


gtctttgaat 


1620 


gctttattta 


actggcaatg 


cactgttgca 


ttgtgaattt 


ggggggtggg 


caaacctgaa 


1680 


gctttcaaga 


tcacatttaa 


aaaacaaaac 


caaccaaaca 


agcaaaaaga 


aaaaaaaaac 


1740 


ccaaca 












1746 


<210> 7 
<211> 1490 
<212> DNA 

<213> Rattus norvegicus 










<400> 7 
cgcagcctgg 


atgcgccctg 


tggcgcacgc 


acgcagcatc 


ccgagcctcc 


cgccgcgcgc 


60 


gggatgcctg 


ctctccgggc 


cccggggctt 


ggccccggcg 


gtaaccggag 




120 


cgccccccca 


gcagcagctg 


cggcgcccgc 


gcccgggcca 


gtcgccgccg 


gggcccatct 


180 


cctgtcgccg 


cgctctgcga 


cccaccgcct 


tgcgcggcca 


tggggacgct 


gctggctctc 


240 


gtggtgggcg 


cggtgctggt 


atcctcagcc 


tgggggggct 


gcgtggaggt 


ggattctgag 


300 


accgaggcag 


tgtatgggat 


gaccttcaaa 


atcctgtgta 


tctcctgtaa 


gcgtcgtagt 


360 


gagaccaccg 


ccgagacctt 


cacggagtgg 


accttccgcc 


agaagggcac 


agaggaattt 


420 


gtcaagatcc 


tacgctatga 


gaatgaggtg 


ctgcagctgg 


aggaagatga 


gcgctttgag 


480 


ggccgtgtgg 


tgtggaacgg 


tagtcggggc 


accaaggacc 


tgcaggacct 


gtccatcttc 


540 


atcaccaatg 


tcacctacaa 


ccactctggc 


gactacgaat 


gtcacgtcta 


ccgtctcctc 


600 


ttctttgata 


attacgagca 


caacaccagc 


gtcgtcaaga 


agatccacct 


ggaggtggtg 


660 


gacaaggcca 


acagagatat 


ggcatccatc 


gtgtcagaga 


tcatgatgta 


cgtgctcatt 


720 
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gtggtgttaa 


ccatatggct 


cgtggcggag 


atggtgtact 


gctacaagaa 


gattgctgct 


780 


gccacggaag 


ctgctgcaca 


agagaatgcc 


tcggaatacc 


tggccattac 


ttccgagagc 


840 


aaagagaact 


gtacaggcgt 


ccaggtggct 


gaatagcgct 


ggctctgggc 


tccgcctcaa 


900 


ggaagagcca 


gcctacgggt 


accctccagc 


cctgcagtgg 


ggatcagccc 


ctggtgggta 


960 


ccctcccctg 


gcagtgggga 


tcagcccatc 


ggtctcccca 


gcctcacagt 


tctgcagtgg 


1020 


agccaccagg 


gtgggagcgg 


gcagggactg 


atcccacctc 


acccaccgcc 


tcccacctac 


1080 


cctcccaccg 


ccatgcatga 


tgggtgaagc 


aatatggccg 


ccccaccctg 


cttttgctgc 


1140 


ctgtttgggg 


gagggggcgg 


tgaggcgagg 


gggcaggccc 


cgcccccttc 


tttttgctga 


1200 


tttgcacata 


ggccacttcc 


acacgcactg 


ccaggccagc 


cggcccaccc 


ctgcttgatg 


1260 


gggtgaagag 


gggtcgggac 


agggacagta 


gtgggcaggg 


ggttctgggc 


ctcatctccc 


1320 


ctccgcttcc 


tccggctgga 


cctggggttc 


ccttcctgtg 


acacctccta 


gccctggccc 


1380 


acccgccctc 


tctcaccagc 


cttcaattgt 


ggtctcttgg 


gaaggcctct 


tcggcctcct 


1440 


atctttacag 


aagtagtttt 


tgttcatgaa 


ataaagattc 


ttggactcga 




1490 


<210> 8 
<211> 2289 
<212> DNA 

<213> Rattus norvegicus 










<400> 8 
acaatataag 


acagaggaaa 


attttaagac 


atgactgaat 


cgaaggctta 


ccgatttgga 


60 


gcagttctgc 


ttcttatcca 


cttaattttc 


cttgtccctg 


gaaccgaagc 


agcttccttc 


120 


cagcgaaacc 


agctgcttca 


gaaagaacca 


gacctcagat 


tggagaatgt 


ccagaagttt 


180 


cctagtccag 


aaatgatcag 


ggctttggag 


tacatagaaa 


agctcaggca 


gcaggcccac 


240 


agagaagaaa 


gcagcccaga 


ctacaatccc 


taccaaggca 


tctctgttcc 


ccttcaactc 


300 


aaagaaaacg 


gagaagaaag 


tcacttggca 


gagagctcaa 


gggatgtcct 


gagtgaagac 


360 


gagtggatgc 


ggataatact 


tgaggctttg 


aggcaggctg 


aaaatgagcc 


gccatctgcc 


420 


ctcaaggaga 


acaagcccta 


tgccttgaat 


CLCjydCjaaCJa 






480 


gatgactatg 


agactcaaca 


atggcctgag 


aggaaactca 


agcacatgcg 


gttccctctc 


540 


atgtatgaag 


agaattccag 


ggaaaacccc 


ttcaaacgca 


caaacgaaat 


agtagaagaa 


600 


cagtacacac 


cccaaagtct 


tgctaccctg 


gagtctgtgt 


tccaagagct 


tgggaaactg 


660 


acagggccaa 


gcaaccagaa 


gcgtgagagg 


gttgacgagg 


aacagaagct 


ctacacggac 


720 


gatgaagatg 


acgtgtacaa 


gaccaacaac 


attgcctatg 


aagatgtggt 


cgggggagaa 


780 
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gactggagtc 


ctatggagga 


gaaaatagag 


actcaaaccc 


aggaagaggt 


gagagacagc 


840 


aaagagaaca 


cagaaaaaaa 


cgaacaaatc 


aatgaagaga 


tgaaacggtc 


agggcacttg 


900 


gggctcccag 


atgaaggtaa 


ccggaaagag 


agcaaagacc 


agctctcaga 


ggacgcctcc 


960 


aaggtcatca 


cctacttgag 


aaggttagtg 


aatgctgtgg 


gcagtgggag 


gtcccagagt 


1020 


gggcaaaacg 


gggacagggc 


agccaggctt 


cttgagaggc 


cccttgattc 


tcagtctatt 


1080 


tatcagctga 


ttgaaatctc 


caggaatttg 


cagatacccc 


ctgaagactt 


aattgagatg 


1140 


ctcaaagctg 


gggagaaacc 


aaatgggttg 


gtggagcccg 


agcaggatct 


ggagcttgct 


1200 


gttgacctag 


atgacatccc 


ggaagctgac 


atagaccgcc 


cagacatgtt 


tcaaagtaag 


1260 


acgctctcca 


agggtgggta 


tcccaaggca 


cctggtcgag 


gtatgatgga 


ggccttgcca 


1320 


gatggcctca 


gtgttgaaga 


cattttaaat 


gttttaggga 


tggagaatgt 


agcaaatcag 


1380 


aagtccccat 


atttccccaa 


ccaatacagc 


cgagacaagg 


ctctgctgag 


gcttccttat 


1440 


ggtcctggga 


aatctagagc 


caaccagatt 


cccaaagtag 


cctggatccc 


agacgttgaa 


1500 


agcagacaag 


ccccctatga 


caatctgaat 


gataaggacc 


aagaattggg 


agagtactta 


1560 


gccaggatgc 


tagttaagta 


ccctgagctc 


atgaatacca 


accagctgaa 


gagagtgccc 


1620 


agcccaggct 


cctcagaaga 


tgacctccaa 


gaagaagagc 


agctcgagca 


ggccatcaag 


1680 


gagcatctgg 


gtcaaggaag 


ctcccaggaa 


atggagaaac 


tggccaaggt 


gagcaaaagg 


1740 


atccctgcag 


gatccctgaa 


gaatgaggat 


accccaaata 


gacagtacct 


ggatgaagat 


1800 


atgctcctga 


aagtgctaga 


gtatctcaat 


caagaacagg 


cagagcaggg 


aagggaacat 


1860 


cttgccaaac 


gggccatgga 


aaacatgtaa 


acagctttaa 


tgcccaattt 


cccttctttt 


1920 


ccccaagtga 


atcccctccc 


tttctcttaa gtgtgttaat 


ctctatcctg 


ttaacactgt 


1980 


ad La L.L/ U U Ua 




aagcagatga 


ctccagatag 




c t* cic 1 1 1* act" 


2040 


tattctgagc 


tgttatgttg 


tgtatggatg tgtataaatg 


ttatgactct 


cagattaaaa 


2100 


atatgtcctt 


tattcaagaa 


agatatctat 


gatagtgttg 


actaatgtat 


ccaatggtca 


2160 


tggtattgac 


aatgctcaca 


tatgatgaag 


agtatcctat 


aattatcttg 


gaagttttta 


2220 


acatttattg 


aattattttg 


ttactgtctg 


tagtgttttg 


tggagttctg 


gagcaaaatc 


2280 


aataaagca 












2289 



<210> 9 

<211> 1865 

<212> DNA 

<213> Rattus norvegicus 
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<400> 9 
gttcagcgtt 


cggctgctct 


ccacggcaat 


ccgctgcccc 


gggtgggcac 


cccgaagcat 


60 


gaacacgcct 


gcaactctgc 


ccctgggggg 


cgaggacacc 


acctggaccc 


ctgggatcaa 


120 


cgccagctgg 


gctccggatg 


aggaggagga 


tgcagtgcgg 


tccgacggca 


cggggacagc 


180 


gggcatggta 


actatccagt 


gcatctatgc gctcgtgtgt 


ctggtgggcc 


tggtaggaaa 


240 


cgccctggtc 


atattcgtga 


tcctacgcta 


tgccaaaatg 


aagacagcca 


ccaacatcta 


300 


cctgctcaac 


ctggccgtcg 


ctgatgagct 


cttcatgctc 


agtgtgccat 


ttgtggcctc 


360 


ggcggctgcc 


ctgcgccact 


ggccgttcgg 


ggcggtgctg 


tgccgcgcag 


tgcttagtgt 


420 


ggacggcctt 


aacatgttca 


cgagtgtctt 


ctgcctcaca 


gtgctcagcg 


tggatcgcta 


480 


tgtggctgta 


gtgcaccctc 


tgcgagctgc 


cacctaccgg 


cggcccagcg 


tggccaagct 


540 


aatcaacctg 


ggagtgtggc 


tagcatcctt 


gctggtcacc 


ctgcccatcg 


cagtcttcgc 


600 


tgacactagg 


ccagctcgtg 


ggggtgaggc 


agtagcttgc 


aacctgcact 


ggcctcaccc 


660 


ggcctggtct 


gcagtctttg 


tgatctatac 


ttttttgctg 


ggcttcctac 


tcccggttct 


720 


ggctatcgga 


ttatgttacc 


tgcttatcgt 


gggcaagatg 


cgtgctgtgg 


ccctgcgggc 


780 


tggctggcaa 


caacggaggc 


gctcagagaa 


gaagatcact 


aggctcgtgc 


taatggtggt 


840 


gactgtcttt 


gtgctatgct 


ggatgccatt 


ctatgtagtg 


cagcttctga 


atctgtttgt 


900 


caccagcctc 


gatgccactg 


tcaaccatgt 


gtccctcatc 


ctcagctatg 


ccaacagctg 


960 


tgccaacccg 


attctctatg 


gtttcctctc 


agacaacttc 


cgacgctctt 


tccagcgggt 


1020 


tctgtgcctg 


cgctgctgtc 


tcctggaaac 


aactggaggt 


gctgaggaag 


agcccctgga 


1080 


ctactatgct 


actgctctca 


aaagcagagg 


tggcccagga 


tgcatatgcc 


ctccattgcc 


1140 


ctgccagcag 


gagcccatgc 


aagcagaacc tgcctgcaag 


cgagtccctt 


tcaccaagac 


1200 


cactactttc 


tgaaaaccat 


ttcaccctcc 


ctcagcccac 


ctgcaagcag 


gtctgcacca 


1260 


cactctcaag 


ccagcaactt 


caagaaaact 


cctgttgtca 


ctaagccagg 


ccctttcagc 


1320 


agcctgtgtt 


ctgtccctag 


gagcctcagg 


actcctgcta 


gcccctgcct 


ctcctaggac 


1380 


tgactggctc 


caaggacaac 


tccgtggggg 


taggacttct 


ctgggttttg 


ggctagagta 


1440 


ccatccatcc 


tttcctggac 


ctctagcaat 


ttttcaagag 


gcaggaagca 


ggtggtggtc 


1500 


agaaagggat 


gcctaccctt 


gtgtgacttg 


tgacagtgac 


tgcttggaag 


agcgctggga 


1560 


gggtgaggta 


ggcagagcta 


ggctctctgc 


tgtgtggtag 


catagggcat 


acggtgatac 


1620 


aggggagaag atatgatacc 


tccaagtgtt 


ttccctctgt 


gtctgtctga 


gtctcttgtt 


1680 


gctaaatgag atgtctacgc 


aacagctgaa 


agcatttgct 


ttcccaaggc 


aaatgtttct 


1740 
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ccagttgtca aaggaccagt agcagacttc ctgcgaatgc aaatgtttaa agaaggatgg 
tgtggggcgt tttttgaaaa aaaaaataat tctgatttct ggtcaggaat taaaaggcag 
aaagg 

<210> 10 

<211> 2838 

<212> DNA 

<213> Rattus norvegicus 
<220> 

<221> misc_f eature 

<222> (2265) . . (2265) 

<223> n=a, c, g or t 



<400> 10 
atgagggccc 


ggagcggggc 


gcggggcgcg 


ctgctgctgg 


cgctgctgct 


ctgctgggat 


ccgacaccga 


gcttagcagg 


cattgactct 


ggtgQQ.cagjg 


cactcccaga 


ctccttccca 


tcagcacccg 


cggagcagct 


gcctcacttc 


ctgctggaac 


cagaggatgc 


ctacatcgta 


aagaacaagc 


cagtggaatt 


gcactgccga 


gccttccctg 


ccacacagat 


ctacttcaag 


tgtaatggcg 


agtgggttag 


ccagaaaggc cacgtcacgc 


aggagagcct 


ggatgaggcc 


acaggcttgc 


gaatacgaga 


ggtgcagata 


gaggtgtcgc 


ggcagcaggt 


ggaygaactL 


tttgggctcg 


aggactactg 


gtgtcagtgc 


gtggcctgga 


gctcttcggg 


aaccaccaag 


agtcgccgag 


cctacatccg 


cattgcctac 


ttgcgcaaga 


actttgacca 


ggagcctctg 


gcgaaggagg 


tacccttgga 


tcatgaggtc 


cttctgcagt 


gccgcccacc 


agagggagtg 


cctgtggctg 


aggtggaatg 


gctcaagaat 


gaagatgtca 


tcgatcccgc 


tcaggacact 


aacttcctgc 


tcaccattga 


ccacaacctc 


atcatccgcc 


aggcgcgcct 


ctcagacaca 


gccaactaca 


cctgtgtggc 


aaagaatatt 


gtggccaagc 


gccggagcac 


gacggccaca 


gtcatcgtct 


atgtgaacgg 


aggttggtcc 


agctgggcag 


aatggtcacc 


ctgctctaac 


cgctgcggcc 


gaggttggca 


gaaacgtact 


aggacctgca 


ccaacccagc 


cccactcaat 


ggaggtgcct 


tctgcgaggg 


acaggcttgc 


cagaagacgg 


cttgcaccac 


cgtgtgccca 


gtggatggag 


cgtggactga 


gtggagcaag tggtccgcct 


gcagcacaga 


gtgtgcgcac 


tggcgcagcc 


gcgagtgcat 


ggcaccgccg 


ccccagaacg 


gaggccgtga 


ctgcagcggg 


acgctacttg 


actccaagaa 


ctgcaccgat 


gggctgtgcg 


tgctgaatca 


gagaactcta 


aacgacccta 


aaagccgccc 


cctggagccg 


tcgggagacg 


tggcgctgta 


tgcgggcctc 


gtggtggccg 


tctttgtggt 


tctggcagtt 


ctcatggctg 


taggagtgat 


cgtgtaccgg 



1800 
1860 
1865 



60 
120 . 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 



WO 2004/041778 




'CT7US2003/034777 



15 



agaaactgcc 


gggacttcga 


cacggacatc 


actgactcct 


ctgctgccct 


cactggtggt 


1260 


ttccaccccg 


tcaacttcaa 


gactgcaagg 


cccagcaacc 


cacagctcct 


gcacccatcc 


1320 


gcccctccgg 


acctaacggc 


cagtgctggc 


atctaccgcg 


gacctgtgta 


tgccctgcag 


1380 


gactctgccg 


acaagatccc 


tatgactaat 


tcaccccttc 


tggatccctt 


gcccagcctc 


1440 


aagatcaagg 


tctatgactc 


cagcaccatc 


ggctctgggg 


ctggcctggc 


tgatggagcc 


1500 


gacctgctgg 


gtgtcttacc 


acccggtaca 


tacccaggcg 


atttctcccg 


ggacacccac 


1560 


ttcctgcacc 


tgcgcagcgc 


cagccttggt 


tcccagcacc 


tcctgggcct 


ccctcgagac 


1620 


cccagcagca 


gtgtcagtgg 


cacctttggt 


tgcctgggtg 


ggaggctgac 


cattcccggc 


1680 


acaggggtca 


gcctgttggt 


accaaatgga 


gccattcccc 


agggcaagtt 


ctatgacttg 


1740 


tatctacgta 


tcaacaagac 


tgaaagcacc 


ctcccacttt 


cggaaggttc 


ccagacagta 


1800 


ttgagcccct 


cggtgacctg 


cgggcccacg 


ggcctcctcc 


tgtgccgccc 


tgttgtcctc 


1860 


actgtgcccc 


actgtgctga 


agtcattgcc 


ggagactgga 


tcttccagct 


caagacccag 


1920 


gcccatcagg 


gccactggga 


ggaggtggtg 


actttggatg 


aggagactct 


gaacaccccc 


1980 


tgctactgcc 


agctagaggc 


taaatcctgc 


cacatcctgt 


tggaccagct 


gggtacctac 


2040 


gtgttcacgg 


gcgagtccta 


ctcccgctcc 


gcagtcaagc 


ggctccagct 


agccatcttc 


2100 


gccccagccc 


tctgcacctc 


cctggagtat 


agtctcaggg 


tctactgtct 


ggaggacact 


2160 


cctgcagcac 


tgaaggaggt 


cctagagctg 


gagaggactc 


tgggtggcta 


cttggtggag 


2220 


gagcccaaga 


ctttgctctt 


taaggacagt 


taccacaacc 


tacgnctctc 


cctccatgac 


2280 


atcccccatg 


cccactggag 


gagcaaacta 


ctggccaagt 


accaggagat 


tcccttctac 


2340 


catgtgtgga 


acggcagcca 


gaaagccctg 


cactgcactt 


tcaccctgga 


gagacatagc 


2400 


ctagcctcca 


ctgagttcac 


ctgtaaggtc 


tgcgtgcggc 


aggtagaagg 


ggaaggccag 


2460 


attttccagc 


tgcacaccac 


gctggctgag 


acgcctgctg 


gctccctgga 


tgcactctgc 


2520 






v_-civ_.(_»clv_*cl(_*a.y 




dLLjuL L. ULad. 


y ci LdL^dL i_y 


2580 


tccatccgcc 


agaagatctg 


caacagcctg 


gacgccccca 


actcacgggg 


caatgactgg 


2640 


cggctgttgg 


cacagaagct 


ctccatggac 


cggtacctga 


actacttcgc 


caccaaagct 


2700 


agtcccacag 


gcgtgatctt 


agacctctgg 


gaagctcggc 


agcaggatga 


tggggacctc 


2760 


aacagcctgg 


ccagtgcctt 


ggaggagatg 


ggcaagagtg 


agatgctggt 


agccatgacc 


2820 


actgatggcg 


attgctga 










2838 
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<210> 11 
<211> 511 
<212> DNA 

<213> Rattus norvegicus 



<400> 11 
gcgcccagag 


cagagcaccc 


gctgcgcaga 


gaccacagcc 


cgcccgccat 


gatgctaggt 


60 


aacaaacgaa 


tggggctgtg 


tggactgacc 


ctcgctctat 


ccctgctcgt 


gtgtttgggc 


120 


attctggctg 


aggggtaccc 


ctccaagccg 


gacaatccgg 


gcgaggacgc 


gccagcagag 


180 


gacatggcca 


gatactactc 


cgctctgcga 


cactacatca 


atctcatcac 


cagacagaga 


240 


tatggcaaga 


gatccagccc 


tgagacactg 


atttcagatc 


tcttaatgag 


agaaagcaca 


300 


gaaaatgccc 


ccagaacaag 


gcttgaagac 


ccttccatgt 


ggtgatggga 


aatgaaactt 


360 


gctctcctga 


cttttcctag 


tttcccccca 


catctcatct 


catcctgtga 


aaccagtctg 


420 


cctgtcccac 


caatgcatgc 


caccaccagg 


ctggattccg 


acccatttcc 


cttgttgtcg 


480 


ttgtatatat 


gtgtgtttaa 


ataaagtatc 


a 







511 


<210> 12 
<211> 2556 
<212> DNA 

<213> Rattus norvegicus 










<400> 12 
ctttcatact 


ccagccacgg 


aacggagcca 


gggcagacgg 


gtccggattt 


tccccctgcc 


60 


ccgaccctcc 


tctccacctc 


ccgccgtcgt 


gacaccggct 


gggggcgaca 


ggaggcactg 


120 


ggtacccaga 


acgaggattg 


cgagcgttct 


ctgaccattt 


gcacgacccc 


agagattgcc 


180 


acatctttct 


tgttctctgc 


taaacgtttc 


tcttcggtct 


ctggcagccc 


gttggtcatg 


240 


aaaaccttca 


cgttgccagc 


atccgtcctc 


ttctgcttcc 


ttctactcat 


ccgggggttg 


300 


ggagcagcac 


cccccgggcg 


ctccgatgtt 


tatcctcctc 


ccctcggctc 


tgagcataat 


360 


gggcaggtag 


ctgaggacgc 


agtgtcccgg 


ccaaaggatg 


acagcgtccc 


agaggtccga 


a o n 


gcggctcgga 


attccgagcc 


tcaggaccag 


ggagagctct 


tccagggcgt 


ggatccccgg 


480 


gcgctggccg 


cggtactgtt 


gcaggcactg 


gaccgtccgg 


cctcgccccc 


ggctgtcccg 


540 


gcaggttccc 


agcagggaac 


acccgaagaa 


gcagcagaag 


ctctgctgac 


cgagtccgtg 


600 


cgcagtcaga 


cccatagcct 


cccggcatca 


gaaatccaag 


cgtccgctgt 


ggcgccccct 


660 


cgccctcaga 


ctcaggacaa 


cgatcccgag 


gcagacgacc 


gctcagaaga 


gctggaggca 


720 


ctagcatcct 


tgctccaaga 


acttcgagat 


ttcagtccga 


gtaatgctaa 


gcgccagcaa 


780 


gagacggcgg 


cagcagagac 


tgaaacccgc 


acgcacacgc 


tgacccgagt 


caatctggag 


840 
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agccccgggc 


cagagcgcgt 


atggcgcgct 


tcctggggag 


agttccaggc 


gcgcgtcccg 


900 


gagcgtgctc 


ctctgccgcc 


ctcggtccct 


tctcaattcc 


aggctcgaat 


gtccgaaaac 


960 


gttccccttc 


ccgaaaccca 


tcagttcggg gaaggagtgt 


cctcccctaa 


aacacatctt 


1020 


ggtgagactt 


tgacaccctt 


atccaaggcg 


taccaaagtc 


taagtgcccc 


cttccccaag 


1080 


gtgcgtcggc 


tcgagggctc 


attcctgggc 


ggttccgagg 


caggagagcg 


cctgcttcaa 


1140 


caagggttag 


ctcaggtaga 


ggcagggagg 


aggcaggcgg 


aggccacccg 


gcaggccgca 


1200 


gcgcaagaag 


agcggctggc 


cgatctcgcc 


tccgacctgc 


tgctccagta 


tttgctgcag 


1260 


ggcggcgccc 


ggcagcgcga 


tctcgggggt 


cgcgggctgc 


aggagacgca 


gcaagagcgg 


1320 


gagaacgaga 


gggaggagga 


ggcggagcag 


gagagacgcg 


gtggtgggga 


ggacgaggtg 


1380 


ggggaagagg 


atgaggaggc 


ggcagaggcg 


gaggcggagg 


cagaggaggc 


ggagagggcg 


1440 


cggcagaacg 


cgctcctgtt 


cgccgaggag 


gaggacgggg 


aagccggagc 


cgaggacaag 


1500 


cgctcccagg 


aggaggcgcc 


aggccatcgg 


cggaaggatg 


ctgaggggac 


agaggagggc 


1560 


ggggaggagg 


atgacgacga 


cgaagagatg 


gatccgcaga 


cgatcgatag 


tctcattgaa 


1620 


ctgtccacca 


aactccacct 


gccagcagac 


gatgtggtca 


gcatcatcga 


agaggtggag 


1680 


gagaaacgga 


agcggaagaa 


gaacgcccct 


cccgagccgg 


tgccgccccc 


cagggctgcc 


1740 


ccagccccga 


cccatgtccg 


ctccccgcag 


cccccacctc 


ccgccccggc 


ccgggatgag 


1800 


ttgccggact 


ggaacgaagt 


actcccaccc 


tgggatcggg 


aggaggatga 


ggtgtttccc 


1860 


ccggggccct 


atcacccctt 


cccaaactac 


attcggccgc 


ggacactgca 


gccgcccgca 


1920 


tcctcccgcc 


gccgtcactt 


ccatcacgcg 


ttgccacctg 


cgcgccacca 


tcccgatctg 


1980 


gaggcccagg 


ccaggcgcgc 


gcaggaggaa 


gcggacgcgg 


aggagcgccg 


gctgcaggag 


2040 


caggaggagc 


tggagaatta 


cattgagcac 


gtgctgctgc 


accgcccgtg 


acccgcccct 


2100 


gcgcgcccgc 


tcccaactgc 


gcgcgccgcc 


acgccccccc 


tccgtgtcgc 


tcctcctccc 


2160 


tctcggtgtt 


tgcatgcgcc 


ccggctccgc 


ccctcggctg 


ccgcccggcc 


ccgccccaca 


2220 




cccrcrcf ttctcr 


tcaggaccag 


acctgtcaga 


cfctctfc tcrcrcr 


crtctcratcct 


2280 


ggggccagcc 


caggcgggtg 


tgtggtttgt 


gcgagtcccc 


ttacaccccc 


acttcctcca 


2340 


ggggcctcgt 


ccccatctag 


tttctctagc gacttcctgg 


tcccaaacgg 


ggaaaagctg 


2400 


ttctatttaa 


tcgtgtgaag 


tgtctgtctc 


ccagccttgg 


ggcccccgga 


gcctcccttc 


2460 


tccaaattgc 


tgtgaactta 


cccacatctt 


gcccttctgt 


tgtaaatacc 


cctcacggag 


2520 


gaaatagttt 


tgctaagaaa 


taaaagtgac 


tatttt 






2556 
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<210> 13 
<211> 4127 
<212> DNA 

<213> Rattus norvegicus 
<400> 13 



agccgctgct 


ggggaggttg 


gggctgaggt 


ggtggcgggc 


gacgggcctc 


gagacgcgga 


60 


gcgacgcggc 


ctagcgcggc 


ggacggccga 


gggaactcgg 


gcagtcgtcc 


cgtcccgcca 


120 


tggaaatgga 


gaaggaattc 


gagcagatcg 


ataaggctgg 


gaactgggcg 


gctatttacc 


180 


aggatattcg 


acatgaagcc 


agtgacttcc 


catgcagaat 


agcgaaactt 


cctaagaaca 


240 


aaaaccggaa 


caggtaccga 


gatgtcagcc 


cttttgacca 


cagtcggatt 


aaattgcatc 


300 


aggaagataa 


tgactatatc 


aatgccagct 


tgataaaaat 


ggaggaagcc 


cagaggagct 


360 


atatcctcac 


ccagggccct 


ttaccaaaca 


cgtgcgggca 


cttctgggag 


atggtgtggg 


420 


agcagaagag 


caggggcgtg 


gtcatgctca 


accgcatcat 


ggagaaaggc 


tcgttaaaat 


480 


gtgcccagta 


ttggccacag 


aaagaagaaa 


aagagatggt 


cttcgatgac 


accaatttga 


540 


agctgacact 


gatctctgaa 


gatgtcaagt 


catattacac 


agtacggcag 


ttggagttgg 


600 


agaacctggc 


tacccaggag 


gctcgagaga 


tcctgcattt 


ccactacacc 


acctggcctg 


660 


actttggagt 


ccctgagtca 


cctgcctctt 


tcctcaattt 


cctattcaaa 


gtccgagagt 


720 


caggctcact 


cagcccagag 


cacggcccca 


ttgtggtcca 


ctgcagtgct 


ggcattggca 


780 


ggtcagggac 


cttctgcctg 


gctgacacct 


gcctcttact 


gatggacaag 


aggaaagacc 


840 


cgtcctctgt 


ggacatcaag 


aaagtgctgt 


tggagatgcg 


caggttccgc 


atggggctca 


900 


tccagacggc 


cgaccaactg 


cgcttctcct 


acctggctgt 


gatcgagggt 


gcaaagttca 


960 


tcatgggcga 


ctcgtcagtg 


caggatcagt 


ggaaggagct 


ttcccatgaa 


gacctggagc 


1020 


ctccccctoa 


crc a ca t cr rrr 


ec a c c t* cc c c 


W y GL w • ^ U CJ. 


accrcacat tcr 


cracrcctraca 


1080 


atggcaagtg 


caaggagctc 


ttctccaacc 


accagtgggt 


gagcgaggag 


agctgtgagg 


1140 


atgaggacat 


cctggccaga 


gaggaaagca 


gagccccctc 


aattgctgtg 


cacagcatga 


1200 


gcagtatgag 


tcaagacact 


gaagttagga 


aacggatggt 


gggtggaggt 


cttcaaagtg 


1260 


ctcaggcatc 


tgtccccact 


gaggaagagc 


tgtccccaac 


cgaggaggaa 


caaaaggcac 


1320 


acaggccagt 


tcactggaag 


cccttcctgg 


tcaacgtgtg 


catggccacg 


gccctggcga 


1380 


ctggcgcgta 


cctctgttac 


cgggtatgtt 


ttcactgaca 


gactgctgtg 


aggcatgagc 


1440 


gtggtgggcg 


ctgccactgc 


ccaggttagg 


atttggtctg 


cggcgtctaa 


cctggtgtag 


1500 


aagaaacaac 


agcttacaag 


cctgtggtgg 


aactggaagg 


gccagcccca 


ggaggggcat 


1560 
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ctgtgcactg 


ggctttgaag 


gagcccctgg 


tcccaagaac 


agagtctaat 


ctcagggcct 


1620 


taacctgttc 


aggagaagta 


gaggaaatgc 


caaatactct 


tcttgctctc 


acctcactcc 


1680 


tcccctttct 


ctggttcgtt 


tgtttttgga 


aaaaaaaaaa 


aaagaattac 


aacacattgt 


1740 


tgtttttaac 


atttataaag 


gcaggttttt 


gttattttta 


gagaaaacaa 


aagatgctag 


1800 


gcactggtga 


gattctcttg 


tgccctttgg 


catgtgatca 


gattcacgat 


ttacgtttat 


1860 


ttccggggga 


gggtcccacc 


tgtcaggact 


gtaaagttcc 


tgctggcttg 


gtcagccccc 


1920 


ccaccccccc 


accccgagct 


tgcaggtgcc 


ctgctgtgag 


gagagcagca 


gcagaggctg 


1980 


cccctggaca 


gaagcccagc 


tctgcttccc 


tcaggtgtcc 


ctgcgtttcc 


atcctccttc 


2040 


tttgtgaccg 


ccatcttgca 


gatgacccag 


tcctcagcac 


cccacccctg 


cagatgggtt 


2100 


tctccgaggg 


cctgcctcag 


ggtcatcaga 


ggttggctgc 


cagcttagag 


ctggggcttc 


2160 


catttgattg 


gaaagtcatt 


actattctat 


gtagaagcca 


ctccactgag 


gtgtaaagca 


2220 


agactcataa 


aggaggagcc 


ttggtgtcat 


ggaagtcact 


ccgcgcgcag 


gacctgtaac 


""2280 


aacctctgaa 


acactcagtc 


ctgctgcagt 


gacgtccttg 


aaggcatcag 


acagatgatt 


2340 


tgcagactgc 


caagacttgt 


cctgagccgt 


gatttttaga 


gtctggactc 


atgaaacacc 


2400 


gccgagcgct 


tactgtgcag 


cctctgatgc 


tggttggctg 


aggctgcggg 


gaggtggaca 


2460 


ctgtgggtgc 


atccagtgca 


gttgcttttg 


tgcagttggg 


tccagcagca 


cagcccgcac 


2520 


tccagcctca 


gctgcaggcc 


acagtggcca 


tggaggccgc 


cagagcgagc 


tggggtggat 


2580 


gcttgttcac 


ttggagcagc 


cttcccagga 


cgtgcagctc 


ccttcctgct 


ttgtccttct 


2640 


gcttccttcc 


ctggagtagc 


aagcccacga 


gcaatcgtga 


ggggtgtgag 


ggagctgcag 


2700 


aggcatcaga 


gtggcctgca 


gcggcgtgag 


gccccttccc 


ctccgacacc 


cccctccaga 


2760 


ggagccgctc 


cactgttatt 


tattcacttt 


gcccacagac 


acccctgagt 


gagcacaccc 


2820 


tgaaactgac 


cgtgtaaggt 


gtcagcctgc 


acccaggacc 


gtcaggtgca 


gcaccgggtc 


2880 


agtcctaggg 


ttgaggtagg 


actgacacag 


ccactgtgtg 


gctggtgctg 


gggcaggggc 


2940 


aggagctgag 


ggtcttagaa 


gcaatcttca 


aoaacaaaca 


acacrtcrcrtcra 


catcrtaaacrt 


3000 


ccctgtggct 


actgatgaca 


tgtgtaggat 


gaaggctggc 


ctttctccca 


tgactttcta 


3060 


gatcccgttc 


cccgtctgct 


ttccctgtga 


gttagaaaac 


acacaggctc 


ctgtcctggt 


3120 


ggtgccgtgt 


gcttgacatg 


ggaaacttag 


atgcctgctc 


actggcgggc 


acctcggcat 


3180 


cgccaccact 


cagagtgaga gcagtgctgt 


ccagtgccga 


ggccgcctga 


ctcccggcag 


3240 


gactcttcag 


gctctggcct 


gccccagcac 


accccgctgg 


atctcagaca 


ttccacaccc 


3300 
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acacctcatt 


ccctggacac 


ttgggcaagc 


aggcccgccc 


ttccacctct ggggtcagcc 


3360 


cctccattcc 


gagttcacac 


tgctctggag 


caggccagga 


ccggaagcaa ggcagctggt 


3420 


gaggagcacc 


ctcctgggaa 


cagtgtaggt 


gacagtcctg 


agagtcagct tgctagcgct 


3480 


gctggcacca 


gtcaccttgc 


tcagaagtgt 


gtggctcttg 


aggctgaaga gactgatgat 


3540 


ggtgctcatg 


actcttctgt 


gaggggaact 


tgaccttcac 


attgggtggc tttttttaaa 


3600 


ataagcgaag 


gcagctggaa 


ctccagtctg 


cctcttgcca 


gcacttcaca ttttgccttt 


3660 


cacccagaga 


agccagcaca 


gagccactgg 


ggaaggcgat 


ggccttgcct gcacaggctg 


3720 


aggagatggc 


tcagccggcg 


tccaggctgt 


gtctggagca 


gggggtgcac agcagcctca 


3780 


caacrtcrcrcraa 


cctcagagca 


aqcgctaccc 


tgtcccctgc 


cccgctggag gcagcaaagc 


3840 


tgctgcatgc 


cttaagtcaa 


tacttactca 


gcagggcgct 


ctcgttctct ctctctctct 


3900 


ctctctctct 


ctctctctct 


ctctctctct 


ctctaaatgg 


ccatagaata aaccatttta 


3960 


caaaaataaa 


agccaacaac 


aaagtgctct 


ggaatagcac 


ctttgcagga gcggggggtg 


4 020~ 


tctcagggtc 


ttctgtgacc 


tcaccgaact 


gtccgactgc 


accgtttcca acttgtgtct 


4080 


cactaatggg 


tctgcattag 


ttgcaacaat 


aaatgttttt 


aaagaac 


4127 



<210> 14 

<211> 4 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide ' 

<400> 14 

Thr Leu Gin Pro 



<210> 15 

<211> 4 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 15 



1 



Leu Glu Gly Ser 
1 
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<210> 16 

<211> 4 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 16 



Ala Gin Glu Glu 



